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INTRODUCTION STATEMENT 

The text material thaji follows Is the result 6f work accomplished 
by Dr. Jaines Thompson under an NSF Grant GY-iq474 for the development of 
a baccalaureate^ level engineering technology program. ■ ' 

This- material* covers 1n detail lecture topics and laboratory assign- 

^ \ ' y ' , ' ' ' 

raen'ts for a Foundations and Soil f!fechan1cs class offered to engineering 
technaJi)gy' Students specializing in construction. It is 'designed to fPt 
- Into a ten-week quarter, btft could be expanded for a sanestefr course, 
rn addition to text- material preparation, supplemental laboratory 
equtpment was specified, ordered, and installed in the Soil Mechanj^cs lib. ' 
>-^Th1s dual purpose <Mb will be u^ed by engineering technology students 
specializing in construction/ as well as civib engineering students in* • 
their Soil Mechanics classes. / 

The NSF/Englneering Technology Grant was awarded with the under- ^ 
standing that reports devejoped for the Cal Poly En^neering Techtiology 
* Department will also be available to other educational inStitytions 

offering both engineering and engineering technology programs. Consistent 
with this objective, we. will be happy to. transmit .copies of this specialized 
report to* any Interested School df Engineering and/or Technology. 
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^ - ' CmJRSE OUTLINE • 

Engineering Technology Department 

1*. Catalog Description *' 

. " . • • • 

ETC 41> Found^ioDS -and Soil Mechanics {^) . ' 

Selection and methods of installation of fbundatio'ns and other so^lywipported 
structures. Footings, piles, caissons, retaining structures, soi1y«nbankments 
and fills. -3 lectures, 1 three-hour laboratory. ^ 

■' • ' 
II. Required Background of Experience 

ESC 321 Recommended 

II. Detailed De^ription of the Course * ' 

A. Expanded Descripti'on of the Course ' ' . 



1. 



1. ' Composition of soil . ^ 

2. Soil classification 

3. Properties and characteristics o^^oil and their determination 

a. Specif ic-gravity 

b. Grain size distritution*. 

. c. WaOter content : 

d*. Atterberg limits and indices . \ 

e. Permeability ' - ' 

f. Compaction characteristics . 

g. Con^l idation characteristics 

h. Stress-strain and strength characteristics 
4'' Field J nvftSlHI^t ions 

5. Oesign/*na Construction problems dealing with soil 

a. Engineered fills 

b. Seepage through^soil s 

c. Retaining structures ' • . 
d% Foundations _ , 

e. ' Soil- slopes ^ . • » 

f. Earth and rock fill dams 

g. Subgrades' • . . , , 
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Laboratory testing 

a. Atterberg limits and indices 

b. Grain size analysis 
- c. Permeability test 

d . Compaction test . 

e. Field density tests 

f. Field investigation- / 

g. Consol idation Test 

h. Direct shear test 

i. Unconfined compression test 
j.. Relative density test 

k. Earthquake simulation testing 



B. Methods €^ Instruct iofi and Evaluation, 

• * 

1. Instruct-ion ^ 
Lectures: 3 one-hour lectur^s^ per week ^ \ 
Laboratory: 1 three-hour laboratory per week 

2. ' Evaluation . • • 

Lectures: (a) Periodic exams " < . 
' "(b) "Final exam 

'(c) Homework 

* « 

Laboratory: Laboratory reports . .a ^ 

C. Expected Outcome ' * 

Adequate understanding for soil to worV i^ the field of »bil mechanics 
and foundation engineering as a construction engineer^ an inspector, 
or as a technician. 

C. rtinimum Student Materials 



Assigned texts, log-log sli(fe rule, engineering computation p^per, graph; 
paper, pencil, pen an4 straight edge. " . ' 

E. Minimum College Facilities , ^ • • 

^Standard university lecture room equipped with chalkboard. 

• Soil mechanics laboratory equipped for^making the: fol lowing tests on soils: 
. Atterbera Limits and Indices Tgst, Grain Size Analysis Test, Permeability 
Test, Colpact ion. Test, Field>^ensity Tests, Fi^ld Investigation, .Consoli- 
dation Tesi, Direct Shear Test, Unconfined Compression Test, Relative 
Density Test, -and Earthquake Siimjlation Tests. 

* * * 

Texts and Re^ferences , • , . ' 

f Texts: Hough, B.'K., Basic Soils EngineeVing , Ronald^Press Company, New Yorfe^ 1969 

Lambe, T. William, Soil Testing for Engineers , John Vliley &^ons. Inc., 

New York, 1951 " - ^ - • 

• • ■ v.. ' . 

References: Material^ available in t>^e University .Library . 
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* 

WEEK 


' ■ DATE 


f ^ 

MAJOR SUBJECT{5) 


• ASSIGNM 


ENT 


READING 


PROBLEMS. 


1 




Introduction, Soil Composition, 

In r 1 1 u > c r\ c J QciunoMi^^ 


if ■ ■ ■ » ■ 
pp. 3-13, 

£0-*t/ 


2-22. 2-28, 2-31 




* 


Grain Size Analysis , Atterber^. 
Limits & Indices 


pp. 13-28, . 
47-52, 90-104 


2-10. 2-11. 2-55 
2-62 


3 




Soil Classification 

r 


pp. 470-478 
602-605 • 


V.- 
Hand out 


4 




Soil Specif ic -.Gravity and 
J'ermeabil ity ^ 


pp. 72-78 


3-28, 3-31 
Handout 


5 

— ^ ^ - 


1 — ■ ■ ' 


Soil Compaction, Geost^tic . 
Strp^<; in 'kill -' ll >. 


PP.J99-205, ' 
505-517 


• * • 

7-1/7-2, 7-7, 


6 




Soil Consol idatton and Stress- 
Strain and Strength Character- 
istics 

• . - . . . ^ _____ _ 


pp. 106-1 58 

r 

[ 


Handout 

- 


7 ■ 

* 




•Soil Stress-Strain and Strength 
Characteristics 


• 

pp. 163-196, 
223-233 


Handout 


« 

• 


• 


— _ -. _j , 

Field Investigations, Engineer- 
ed Fills, Seepage Through Soils 


h : j 

pp;59-72, 
78-86,492-505, 
517-527, 
529-570, ' 
606-61 6i 


Ha ndout 


1 
1 

U — • 


' ^ ^ .... 

Retaining Structures | Founda- 
tions 


pp. 205-222, 
233-250,296- 
465, 568-601 
tBrief parts] 


Handout 


10 


Soil Slopes, Soil & Rock Fill pp. 255-293, 
Dams, Sutgrades, Course Review 468-470, 479- 
and Summary * 490 


— . . — « — — 
Handout 

— Vt ^ 



Course Grading 
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Homework . 
Hour Exam 
Final Exam 
Total ■ 



20% 
20% 
30% 
}0Q%. 
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' CALIFORNIA STATE POLYTECHNIC UNIVERSIXY, POMUNA ' 



. / . • CIVIL ENGINEERING DEPARTMENT 
" ' ** * 

Course: ETC "411 * Outline of Weekly Lecture Notes Prepare<( By: J.B.Thbmps 

Week No: ' 1 . - ' Date: 11/5/73 



Lecture Subjects: Introduction. Soil Composition, Soil Phase Rglationships 
Assignment: Read^- pp. 3-13., 28-|47 



Problems - 2-22, 2-28, 2~3lT2-34, 2-4^ 2~ 
Presentation 



"I 



r 



I. Check Roll 
II- Discuss "Course Lecture Schedule 

A. "/ext 

B. Grade Evalua_tion 

1. Course Grading: n / - 
Laboratory - 30? . • - 

^ . * Homework. -* 20ti; 

• Hour Exam - 20% ' * ' ' 

Final Exam - '30% • . - * 

• ' TOOf • * 

2. Homework' Pol icy: . 
• . a. Approximately one homework set per week. 

• ' b. Each homework set* normally due one week after assigned. 

c. Late homework will receive 1/2 credit. 

d. Ntf hortiework will be accepted after returning the corrected papers 

e. Corrsecjt homework problem solutions will be posted. 

C- Scope of the Course ' . ^ * 

1., Composition of soil 

2. Soil Classification ^ ' • 

3. Properties of soil and their detenni nation 

4. Field investigations 

5. Design and construction problems dealing with'^orl (Emphasize 
Construction Problems) 



a. Engineered FiJls 

'b. Seepage through soils 

c. Retaining structures" 

d^. Foundations 

e. Soil Slopes 

f . ^arth and rock fill dams 

g . Subgrades 



\ 



filstorfcal Review Soil fipchanics and Foundation ^ineenng 

j ■;.'■'* ■ 

A. Moderrr-Oay techniques are relatively new ; 

♦ ■ • 

B. Early methods . ♦ . 

1 . Trial and error 
• 2. Difficulties and limitations 

• . . . ' 

C. , Improved understanding for material behavior 

D. Develofjment of Quasi-Theoretical . solutions and empirical relationship^ 
E- ^Present day practice * 

1 . » Theoretical and empirical solutions ■ -^t . ' » 

2. Experience , ^ •* ■ 
3- Continuing development in the profession v . 

a. Improved, solutions to existing* problems > . 

b. New.-problems . * • * \ ' ' 



i 



TV. General Areas of Invplvement 

A. Structural Foundations ' 

B. Pavements » 

C. Earthworks 
y. Soil Composition* 
^ A. Three Phase Material 

B. Solids 

1-. Discrete solid particles or grains ^ * 

a- Variable' size. 
♦ b. Variable composition . . ^ 

c. Examples: Boulders, sa.nd grains^lay mineraU 

Z. Organic materials I H 

^ a. Examples: Fibers, roots, shells 

3. Cementing Agents 

a. ^Examples^ Silica, cky * » 

'' C. < Liquids . ^ 

1., Examples: Pure water, salt- water, organic acids (humic^acid) 

D. Gases ^ - 
1. Examples: Air, hyd^-Qgen sulfide, methane 



Weight-Volutne Relationships . ' - . *• 

A. Expressions for relative amounts "sol ids\_li quids, and gases ^.present 

. • ' .' 

•B. Block diagram (vis-ual ization) ' - 



Volumes 





'a 

h 

w 



Gas 

(Usually Air) 



V? 



■A 



i 



Liquid 
(Usually Water) 



Sol ids 




> 



where: V - Total volume 

- Vg- Vol.ume of the gases 



W - Total weight • 
Wg- Weight of the gases 



•Vw- Volume of thfe liquids ' W^^- Weight of the liquids 
- ' W^- Weight of the solids 



V5- Volume of the solids 

r 

- < V = V + V + V:^ 



w * w^ + w„ + w. 



. C.» 'Porosity 



s • 



1. Ratio of the volume of the vqids (Vv. = + V^)'to the total soil' 
1 volume (y) times 100%. / , , '^^ . 



2. Porosity = n = (V^ + V^) 



X lOq^'^ X 100% (no units) 



0. Void Ratio 



1. Ratio of the volume of the voids (Vy ^ V^ + V^) to t*he volume of 
• the solids .(V^). " . ^ ' , 

2.1 Void ratio = e = V-^ (no .units) , 
^ v" * 



E. Water Content 

^ * ^ 

1. Ratio of the weight of the water in the soil (W„) to the weight of 
th^ solids (Wj timds 100%. * ' 



■m / 



2. Water content = w " 



rr X lOOT. (no units). 



W 



y ■ 



*3. ' Laboratery water. content determination procedure 

af Weigh wet soil 7 . ■ ' m ■ 

b. Oven dry' soil @ TICC * ' ; ' . ' 

p. Weigh 'dry soil - W| » - • " 
" ^ .d. Compute weight of water = =-W - 

e.. Compute water content •= ^ = W^^/Ws' x lOOt . . 

Degree Of. Saturation , - ' • - - < 

1. ' Ratio of the volipe.of th.6 Wafer in. the 'soil (Vw) to th^ volume 

-of the voids (Vy -V^ + times 1001 , ' 

• * » * 

2. Degree of saturatiorr =' S,. = ^ , , .^ ^ 

T7^ X 100% (no units) • 

Bulk (Density * ' ' ' , . ' \ 

1. - Ratio of the total weight of the soil (W) to the to tail volume of / 

the soil (V) 

2. Bulk density = y = W/X^(pcf, tcf,.9n/cc.) 

' - >♦ 

Dry .Density ^ ^ 

J. Ratio of the weight of the sojl solids (Wg) to the total volume of 

;th6 soil (V) • ' ^ 

■ - • . 

2. Dry Density = Y^j = y-. (pcf , tcf , gm/cc). 
Saturated Density «- " 

1. " Ratio of the total wefght of the soil (W) to its total volume (V) 

if the soil were completely saturated (S^ = 100^) while retaining 
its original volume. 

W* • » ' ' 

2. Saturated Density = y^^^ = y- (pcf, tcf, gm/cc.) 

Where: W* = total soil weight corresponding to a completely ^turated 
•soil (.Sy, = 100%) * * . 



Buoyant Density . . 

1. Difference between the bulk density of the soil (y) and the density 
of water (y^,) both expressed in the same urtits. 

2. 'Buoyant density = Yb " Y - Y^ (pci"* tcf, gm/cc.)' 

3. Density of water . * ^ 

■ / . 

a. far pure water: Yw ^ ^2.4 pcf = 1 gm/cc. 

b. rqr salt waterc y^ ^ 62.4 pcf 

Density of the Soil Solids , " 

1. Ratio of the weight of the solids (W^) to the volume of the solids {\f^) 

2. Density of the soil solids = Ys ^ ^ (pcf, tcf, gm/cc.) 
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L. "Specffic- Gravity of the^'Soil 

1. . Ratio of the density of the^soil solicis (Yg) to the density of water (y„) 
2;, Specific Gravity = Gs*= Ys/Yw Cno units) ' " ^ • ^ ' 
3. Typical range for soils: G- = 2.6 - 2.8 ' ' ' 

M. Relative Density * . ' * 

V. Ratio of the difference betweert tjje maximum void ratie of the-s6il 
.(emax) ^nd the existing soil void. ratio (e) to the diffew*hce between 
. the maximum void ratio of the soil (e_^) and the minimum soilv 
. void ratio {%^^) times 100«, . • - 



2. Rela 



^ative tensity' = D^^ = ^x' ^ ^^^^ 

^max'^in 



3. Applied to the descr 



i ption^ 



granuW soils 



N, 



a. <,50%: Soil is loose 
-^b. Dp > 50%: Sotl is*<lense 

Example Problems 

• * 

1. ^Example. Problem #1 
•a. Given: n = 0.4 
' b. ^Find: e 

Example Problefft #2 

a^ Given: = loo lbs. 

V = 1 cu.ft. 

G5 = 2.65 

Y„ - 62.4 pcf 

b. Find: e 
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Course: 



ETC 411 



CIVIL ENGINEERING DEPARTMENT 

Outline of Weekly Lecture Notes 

, — , . 



'Week Ho : 



Prepared by": >J .8 .Thompson 
Oate: November 5, 19X3 . 



Lecture Subjects: Grain Size Analysis, Atterberg Limits and. Indices , 
Assignment: 'Read - 13-28, 47-52, 90-1*04 , ' 



Presentation 



Problems - 2-10, 2-11, 2-55, 2-62 



I. train Size Analysis ' 

A. Description of a soii*'1n terms of .its' particle size composition 

B. - Utilization , * ' • , 

1. Soil classification (will be discussed first ^ia thi? course) 

2. Fill design and construction ^ . 

3. PyiBjdesign and- construction . , i 



C. Gr^i, 




istribution Curve 



ir Standard plot representing the 'sizes ahd relativ^p- amounts of the 
particles comprising t,he so.il ^ 



2. 



100% 



a» cn 
c «»- 

CD 



0% 




1 




Log^Q {Particle Diameter ) 



3. Tests performed for plotting' the grain size distribution curve 



a.- Direct measur«nent 

'i. Particles larger than gravel 
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b. Sieve analysis 

i. Particles smaller than gravel and larger than Course si*lts 
ii. Procedure description 

'is' 



'1 

Hydrometer analysis * ' ' v • ' 

V Particles 'smallfer than fthe sands and larger thaff colloidal siz^5s^ 
ii-. Based on' Stokes Lam and fluid deftsity doterminatlons made with an 



• \ hydrometer . ■ - - 

lii /^rief explanatioHiOf thwry 



in data reduction 



; iv. Presentation of equations utiFj 
v. Procedure' description 

d. Combing analysis 

i. Utilize two or more of -/the above tests nf necessary 



Example Problem 
a.' Giverrf i 



1 1 



Total soil specimen, weight = 200 gm? 
Sieye analysis data 



Si?ve No. 



.4 

8 

. 20 
40 
100 
200 
pan 



Weight of Soil 
Retaine d (gnis) 



0 

5. 
-65 
50 
40 
28 
12 



ili. Hydrometer ana lysis' data {ran on pan material) 



Particle^' Diameter, 



% Finer Br 
Y Weight 



0.05 
0.01 
0.005 



3 
2 
1 



b. Find: Grain size distribution curve 

■ ^ 

5. Soil Gradation Descriptions ^ ♦ 

v 

a. Pborjy graded or uniform soil - soil is composed of a limited 
range in particle sizes 

b. Well graded soil - soil is composed of a wide range in part icle -si/{?s 

c. Ga|> graded soil - Soil is cwnposcd of two or iiK)re limited ranges of 
particle "sizes ■ * 

d. Illustration - grain size distributipn curve 

16 
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100% 



4 



Uiri form' Soil 




0% 



e. Coefficient of uniformity 



Gap Graded Soil 4 

Well Graded Soil 

- ' ^ — ■ ■ * 

LoOin (Particle Diameter) 



J- 



i. Coefficient' of uniformity - Cy = q^q 
ii; D50 is the particle diameter below, 

•which 60% of the soil is finer ' " 

ill. [>^q| is the particle diameter below which 10% of the soil is finer 
iv. Cu<4: Soil* is poorly graded - « , 

V. Cu>6: Soil is well graded if the grain size distribution curve 
is srrooth and reasonably synmetrical ^ 

V . ! 

6. Textural Classification Systems 



.a. Based on gr;ain size distribution 
b. Systems 



Soil 
Description • 


• . Particle Size Range (tnm) . 


ASTM System 


MIT System 


Gravel 

Course Sand 
" Medium Sand 
Fine Sand 
Silt 
Clay 


>4.76 * ' 
4.76 - 2.0J' 
2.0 - fi.42 
0.42 - 0.074 
0.074 - 0.002 

< 0.002 


>2.0 
2.0 - 0.6 
0.6 - 0.2 
' 0.2 - 0.06 
0.06 - 0.002 
0.002 



c. Classification of rnulti-sized soils 

d. Limitations • 

i. Systems not indicative of composition of soil . sol ids 
ii. Composition of solids particularly significant for fine 
grained soil s • 



II. Atterberg Limits and Indices . . • . , 

A. Empirical limits and indices indicative of the composition of the solids in 
fine grained soi 1 . 

B. Utilization 

1. Soil classification (will be discussed first in this^course) • ^ • 

2. Dnpirical relationships for other soil characteristics 



C. The Atterberg limits and the methods of determination 

/ * * 

T. Liquid Limit (LL) . $ . 

• 

a. The liquid limit (LL) of a soil is the water content at which' a 

closure tff. 1/2" occurs in a standard groove cut ,in a pat of the soil 
after 25 standard blows are applied to the soil pat. 
. ' b. Description of equipment *. 

c. Oescriptio)! of the testing procedure 

d. . Interpretation of experimental data . " r 



Water Content 




25 Log^Q (# blows) 
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2. Plastic Limit (PL) . ' . 

a. The plastic liiyiit (Pi.) of a soil is the water content which^will 
permit r8ll^^^g a thread of tKt*-^ail to a diameter ^ 1/8" and no 
smaller wi^tiwut crumbling. ^ \ 

b. Description of equipment 

c. Description of the testing procedur*e 

3. Shrinkage Limit (SL) ^ 
a. Not comnjonly used. 

Atterberg Indices 

r. Plasticity Index (PI) . 



« 

2. 



a. Plasticity Index = PI/= (LL^PL) 

b. Indicates the range over which the soil remains plastic 
Liquidity Index (L.I) 



w' - PL • w ~ PL 
a. Liquidity Index =. j.1 - = ~-pf 



where: w -ysoil natural water 
content 

b. Indicates at which end of the plasticity range the soil exists in 
nature . 

c. "A low liquidity index indicates a relatively strong, stiff soil. . ' 

d. A high liquidity index indicates a, relatively soft, weak soil 

18 
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Explanation of the Basis for the Atterberg Limits an^i Indices Tests 

1 . Interaction of pore water and var<fous different soil soils particularly 
in fined grined soils ' * 

Example Application of the Atterberg Limits and Indices 

1. Soil classification system for ftne grained soils developed by A. 
, Cassagrande " 

2. ' • 




I, 



■ • . - • ■ c 

3, -Plot Plasticity Index^'versus Liquid'timit for the soil to be . 
classified andceaithe classif^ication from the graph. 

4; Plot to'^be discussdd in^re detail bplow . " 
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CALIFORNIA .STATCmYTECHNIC UNIVERSITY, POMONA' 
CIVIL ENGINEERING DEPARTMENT' . 



i. 



Course; ETC .41 1 . Prepared By: J.B.Thbmpson 

' Outline' of Weekly Lecture Notes 
Week No: ' 3V ' ' ^ ~ D^te: 11/5/73 



Lecture Subjects: Soil Classification ' - 

/■ 

Assignmenft: Read - 470-478. 602-605 • • 

... • ' / ' . 

Problems - To be assigned 

Presenta)tiop • " 

I. Major Soil Classification Systems ^ 
- *A. Detail «1 classification systems developed for particular applications 

f 

r ' • * 

B. ' Pedological- classification system 

1. Developed primarily for agricultural (Soil Science/ Agronomy) purposes 

2. Bases: 

< . - ^ ' * , • • 

a. Characteristics of "parent material • . , 

b. Drainage conditions which existed during soil formation 

c. 'Environmental ^conditions which existed during soil formation ^ 

d. Extent to wh>th soil formation has occurred , 

3. importance to civil engineering ' • ^ *. 

I ■ 

a. Basis of extensive surficial soils maps developed by the 
> U. S.* Department of Agriculture • 

b. Limited applications for the above maps {e.g. preliminary layout 
of highways) . . 

C. Revised Bureau of Public Roads. Highway Research Board, or AASHO Classification 
System . 

1. Developed primarily for road construction (e.^^uigrades and enbankments) 
^ 2. Experimental tests needed ta make a classification^ 

a. Grain size analysis • 

b. >Atterberg limits and Indices 

.V 

3. .Contents of a typical classification 

a. Soil descripticTn • * • 

b. Group number • , 

c. Group index . . _ 

d. Subgrade rating 

A.. Additional correlations between the classification and the behavior 
o ' * of a soil 



ERIC 



20 



15 

5. Ubo'rjj^o/y classification procedure . 

^ a. .Organic s-oil (Group A-8) 

i. identified by color, odor, spongy feel and* by. fibrous texture 
in some cases ., v * 

• All other soils (Groups A-) through A-7) ^ ' 

i. Process of elimination ,* * 

^ • i1: Utilize the grain size analys'is data to identify which possible 

V, . y group. numbers, the soil might fall under ' - - . * 

iii. Complete the idgntification of the group and subgroup number 

- using the At^erberg Limits and indices of'the soil 

iv. Compute thte'Grpup Index (GI) for the soil 



-1 



Group Index = 61 = 0.2a t O.OOSac + O.Olbd . • . 

where: * 

a. - % passing ,the No. 209^ sieve greater than 35 and not 
• N exceeding 75 expressed as a whale numbeivj value - 0 to 40) 
b - % passing the Wo, 200 sieve greater th^fMS^and not 

exceeding 55 expressed as a whole number (vdlue = 0 to 40) 
, ^ c - That portion of the liquid limit greater th^in 40 and not 
exceeding 60 expressed as a whole number: (value = 0 to 20) 
d r- That portion of the plasticity index greater than 10 and 
- , not exceeding 30, expressed as a whftle number (value = 0 to 20) 

Note: The Group Index is always expressed as a whole ntmiber 

V. Determfne- the subgrade natihg'of the soil and any other correlated 
behavioral characteristics of the soil needed 
,yi: Provide a soi^l description # . ' 

6. Typical classification - 

• A— ^ ' ■ »» 

Description; High Compressibility Silty Clay 
•Subgrade Rating: Fair to Poor ^ • ' • 

Subgroup and Group Index: A-7-5 (17) 

' ■ T * ' "* 

. .. , ■ L — Group Index 

Note: Frequently only the group nuri^er is presc»nted and the 

r subgroup mmber is omitted. 

7. General observations ' . • . 

t ■ ■- . 

8. Example problem ' 

a. ^Given: ; 

i. % passing the No. 40 s'ieve = 95% 

ii. % passing th^No. 200 sieve = 57^ 

iii. LL of the minus No. 40 fraction = 37 

iv. PI of the minus No. 40 fraction = 18 ^ 

V. Soil is not organic 

b. Find: 'The Revised. Bureau bfPublic Roads classification for this soil * 
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Civil Aeronautics System (CAA) 

' V * ^ * f 

. 1. -Developed, primarily for airfield construction (e.g.^ subgrades) 

2. Experimental test's needed to mike a classification * 

a. Gratn size analysis 

b. Atterberg Limits and Ipdices 

. • • . ^" ■ . .' * 

3. Entire system very similar to the Revised Bureau of Public Roads System 

.4. ''Util izBs ^li^oup Numbers" from E-1 through E-14 ' 
State Hijjhway Department Classification Systems . * 
1. Developed primarily for road construction (e.g. subgrades and embankments) 
•2. Speci^alized for soils encountered in- a particular state ^ 
3. Frequently similar to the Revised Bureau of Public Roads' System 
Ui\1fied Soil Classification System 

1. Successfully applied to many, types of civil engineering projects *- . 
_2. Probably the most popular class^ication system 

3. Experimental tests ne,cded to make a classification 

a. Grain siz-e analysis 

b. Att6rberg Limits and Indices 

4. Contejjts of a typical classification 

a. Soil description . 
-J . b. So^ Group Symbol ' ^ 

5. Additional correlations between the classification and the behavior of a soil 

6. Classificat-ion pr;pcedure 

a. HighVy Organic Soil (Pt) 

1. Identified by color, odor, spongy feel 3nd by fibrous texture 
in s«ne cases 

b. All other soil's (GW, GP, SM, GC, SW, SP, SM, SC, CL, ML, OL, CH, MH, OH) 
1. Protess of elimination 

. , ii. Illustrate by working through chart 

7. Explanation of Group Symbols 
a. Course grained soil 

.22 
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1 , 
ii , 
ii i . 
iv, 

V, 

vi 
vli, 
viii, 



GW 
GP 
GM 
6C 
SU 
SP 
SC 
SM 



G - gravel 7. 
S and J * 



%' finer No . 7 sieve 



W - wel 1 gi^adec 

p.- uniform CQ'^ading equations 

^ - siU.silty") • ^ , ^. ^ ^. 
C - clay, clayeyt^"'^""^ plasticity of fines 



b. Fine grained soils 



1 

ii 
iii 
iv 

V 

vi 



ML 

CL 
OL 
MH 

CH 
OH 



M 

C 
0 

.L 
H 



plasticity chart 



silt 7 
clay r 
organteS 

low to medmi plasticity 7 plasticity chart 
medium to high plasticitjj 



c. Highly organtc^ils*. 
" i. Pf 
8. Field' classification techniques 
9^ Example problem 
a. Given: 

i. Grain size analysis data 
. - Sieve No. 



10 
20 
40 
60 
100 
200 



% ^iner 

^00 
86 
72 

. 60 
45 
35 



ii. Atterberg Limits and Ind4^es of minus 'no. 40 fraction 

. ■ Liquid Limit (LL) =19 * 
Plasticity Index fPI) - 0 . 
Soil is nOt orgat||ic- 



Ik 



111 



b. F-ind: The Unified Soil Classification .System classification, for 
this soil ' • * 

Comments on the classification system<; uspd h/ various (jovernmental. and private 
civil engineering organizations. 
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f. 
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^ - . CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA 
^ - ' ' CIVIL ENGINEERING DEPARTMENT 

Course:. ETC 411 " - ^ . Prepared By: J. B.Thompson 

^ Outline of Weekly Lecture Notes ' ' ' ' C 
Week No: 4 ' . ■ . — Date: 11/5/73- . L. 



Lecture Subjects: (Soil Specific Gravity and Permeability 

Assignment': '^ead ~ pp. 72-78 j -' 

. ~ , .Problems - 3-28, 3-31, additional problems to be assigned 
Presentation ^ . ■ ' 



? 



I. Principle Soil Properties and Characteristics and Their Determination 



A, Soll'^properties and characteristics are required in addition to a classification 
in order to predict and evaluate the behavior of the soil * 



8. Principle soil proper t^e"^. and characteristics include: 




1. Specific gravii 

' 2. Grain s]^e distrtS^ution 

, 3. Water Content, w 

4. Atterberg .L-imi LS and Indices . . ■ . 

5. Permeability, k 

'6. Compaction characteristics 

7. 'Consolidation characteristics 

8. Stress-strain and strength characteristics 

* 

C. Specif ic* gi^vity, Gg . 
1. Definition 



a. See previous discussion ^ 
Gg = y's / 
Aw 



Util ization 



a. Jrfeight-volUme calculations 
3. -Methods of -determination 



a. Water displacemenlr^ 

1^ measi^re volume t)f watfer (V) displaced by a certain weight 

/ of^il solids (Wj 

ii. Volume of solids = Vg - V j 

iii. Ys = Wj/Vg = Wg/v 

iv. Gs = Yg/y^ = {W^/V')/y„ 

V. 'Example calculation ^4 

* * 

b. Air Pycnometer 
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4. T^lcal soil values: Gg 5=f.6to2.8 

D. Grain size distribution 

1." Discussed previously: Review briefly 

E. Water content ,^ W . ^ • / 
1. Discussed previously: Review briefly ^ 



N 



F. Atterberg Limits and Indices ' * \' ./ 
1. Discussed previously: Review bniefly ^ ^ 

G. Soil permeability, k 
1. Definition 



a. Soil property which describes the rate at which water will flow 
tjrough §oil 

2. Utilization 

a. All pjtJblems In which the rate of flow of water through the 
soil is to be determined , . 

b. Examples ' ' 
1. Dewatering excavations 

Seepage losses from reservoirs 
Well capacity 
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3. Darcy'SvLaw - , . . 

• a. Basic law which describes flow of water thrafghsoll v 

b. Equations: 

■ * * * 

v = ki Q = kiA * • - 

Q = vA (continuity) 

^ ' • ^ 

where: v - velocity of flow of water through the soil (fps; cm/ sec.) 

Q - volumetric flow rate of water "through the so^ (cfs, cc/sec.) 
k - soil permeability (fps, cm/sec.) 
1 - Ah t- hydraulic gradient (no units) 

'Kh - head loss in the water over some length, L (ft.Cm) . 
L - the length over which the head loss occurs (ft, cm) ^ 
A - crossectional area through which flow occurs (ft. , cm^) 

c. Review the principle of c«jntinu1ty • ^ • • 

d. Review the principle of water "head" 

e. Limttations on Darcy's Law 

f. Example problem 

. •/ 

?0 



• i. Given: 



3' 



I ^Piezometer / 
i 
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i 



Piezometer 



4. 



ii 



, Soil, k = 10"^ cm/sec. 
Mote: Neglect pipe friction losses . 
Find: « . 



^ a ' . V • . • , 

b • . Q • 

c'. Tlmejcequired for water^to flow between piezometers 

Methods 0? determination " . ' 

a. Laboratory constant head permeability test 

i. A CQnstant* head loss is maintained across a soil specimen and 
the volianetric ra.te of flow of water through the specimen is 
determined. . ^ 

ii. Experimental setup * . . ^ 



/ Constant Elevation Reservoir 



T 

Ah 




I ovei 



Constant El evation 
Reservo ir 



verf low 



Catch Beakd'r 



Soil Specimen 
Crosseptional Area = A 
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ill. Data reduction 
a • . Q = kiA ■ 
b*. Ah as sfliown 
c ' . L *as snQwn 
d'. A as shown 



k = Q/(Ai) = Q/( AAh/L) 



2iS 



Q s vol-ume of water obtained* in the catch beaker in some time,- 
t, divided by that time ^ 
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iv. "Example Problem 

a'. Given: Ah = 3' 

• - L - 6* 

• A « 0.25 ft2 

^ Weight of water recovered, in beaker in 15 seconds = 100 gms. 

b. Find:" k 

b. Laboratory falling head permeability te'^t 

yi. A variable head loss is maintained across a soil specimen and 
the head loss is measured as a function of time: 



i1. Experimental setup 



Constant HeatJ. ' 
Reservoir 



^ Standpipe 
^ — Crossectional Area = Aj 




Sotl Specimen 
Crossectional Area = A, 



, ill . Data reduction 
a ♦ . k = L Ax 



£n[Ah^/Ah2] 



b'. 
c'. 
d'. 
e'. 
f. 

g'. 



As(t2-tl)^ 
L as shown 
Aj as siiown 
A3 as shown 

Ah-j as shown . ' 
^^2 as shown 

t2 time corresponding to Ah] reading 
t] time corresponding to Ahp reading 



\ 
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25 



iphe 



iv. ExampTtt problem 
a'. Given: 

r 



't^ = 0.10 ft^ 
Ag = 0.50 ft^ 

L = 6" 



t(sec) 



0 

30 



,Ah(ft) 



3 

2.5 



b'. Find: "k - - / 

c. Labo-i*atory consol idation test 

d. Field soil permeabili^ determinations are frequently made 



i . ' Advantages 



ii. Disadvantages ' . - 

e. Field permeability test - Case 1 . " 

' i. Steady state flow to a fully penetrating well in a hontogenepus \ 
acquifer \ 
ii. Geometry of problem: 



Observation WeW 




Pumping WeU 



Acquifer 
Permeabil.ity 



= k 



xxxxxxxxxxxxxxxxxxxxxxxxxxx)(xxxxxxxxx'xxx)ixxxxxxxxxxxxxxxxnxxxxxxxxxxxxxxxxxx 



Impermeable (^.g. Bedrock) 



iii. Three dimensional flow 
iv. DaCtia- reduction 

a', k = 0 in (Ro/RK 

9 



f. Field permeability test - Case 2 



28 



ERIC 



i. Steady state flow to a fully penetrating well in a homogeneo'us 
artesian acquifer. 



23 



ii. Geometry of problem: 



Q (Pump)^ k 



Acquic^u^ie (Impervious) 

_ _ ^ - 



Artesian Acquifer 
Permeability = k 




. 1' 



) 



XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJ 

Impermeable (e,g. Bedrock) 



i :xnxxxxxxxxxxxxxxxxxin(xxxxxxxxxxxxxxxx xx)rt{xxxxxxxxxx) 



iii. Three dimensional flow 
iv. ' Data reduction 



k = q In (Ro/R) 
2tt D (Ho-H) 

g. Other field penpeability test solutions 

h. Approximate relationship 

i. Hazen's formula for .the permeability of clean sands 
, ii. k-C(Dio)^ 

where: k*- Soil^permeabil ity (cm/sec.) 
D-jo r Soil effective diameter (mm) 
* • C - Constant (Range = 1 .0 to 1 .5) 

5. Primary factors affecting the permeability of one soil 



a. Density 

b. Degree of saturatign 

c. Nature of the fluid flowing through the soil 



h. Typical 4)ermeatft\i ty values 



2!) 



MaterlaT 


Permeability (cm/ sec.) . 


Gravel 


■ 

>1 


Coarse sand 


1-10-^ 


Medium sand 


* lo-^-io-* 


•Fine sand 


lo-'-io-** 


snt 


10-'»-10-5 


Clay 


10"* or ^1 ess 


Rock 


' 10-^2 or less 



0 
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CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA 

• CIVIL ENGINEERING DEPARTMENT / 

J"''se*. ETC 411 . . . Prepared By: J.B.Thompson 

Outline of Weekly Lecture Notes 
-■ek No: 5 h .. \ ' Date: 11/5/73 

3Cture Subjects: Soil Compaction, Geostatic Stress in So^l ' / 

ssignment: Read - pp. 199-205. 505-517 [^^ . v 

Problems - 7-1, 7-2; 7-7. 13-2, 13i6 ' . 

^esentation ' • * . 

. Principle Soil Properties and Characterf stoics arid Their Deterfni nation (continued) 



vA. Copipacti.on characteristics 



1. Definition • / ' ^ 

a. Compaction of a soi!l is the derfHfication of the soil due to the 
expulsion of air from the soil voids , ^ 

b. Different soils exhibit different enaction characteristics in that 
they exhibit varying responses to a ca(npaction effort. 

2. Utilization j 

a. Design of and control of the Construction of engineered fills 
(engineered fills will be discussed in datail later) 
i. Determine the 'Soil water content range at which field compaction 
should be f^rTormed ' 
ii. Determine the soil density range the contractor should achieve in 

fill placement ' ' • 

iii. Provide other soil properties and characteristics of the fill as 
it will be placed in the field 
'■■ ^ > . • . • 

3. • Example fil Is ' *' . 

I 

a* Ejirth and rrock. fill dams 

Backfills behind retaining structures 

c. Highway' and airfield subgrades 

d'. Grade fills for ^strxuctural foundations 
4^ Purposes of soil ccMi»pact ion 

a. Increase the strength of the soil 

• « 

b. Decrease the compressibility of the soil - 

c. becrease the permeability of the soil 
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. Determlrtation of the c6mpactior\ characteristics of a soil 
a. Standard Proctor Com^ction Test 



i. Description of equipment 
ii. Description of test procedure 
— ^ii. Data reduction 




iv. Explanation of curve 

b. Modified Pr4)ctor Compaction Test 

c. Standard AASHO Compaction Test . • . 

d. Modified AASHO Compaction Test 

e. Harvard Miniature Compaction Test . . \^ 

f. Other kneading compaction tests 

. Determination of the other properties and characteristics of the 
compacted soil 

a. Test the compacted soil in- the lab 

i. Permeability test ^ 
ii. Stress-strain and strength tests . 

b. Interpretation of the data 

i . Plot contours .. 
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Dry Density 
(pcf) 




Contour Lines of Constant^ Property. Value 



Water Content {%) 

ii. Select desired water content and dry density which must be 
achieved in the field ' ^ ■ 

7. pill specifications 

a. Specifications on field fill placentent based on laboratwy results 

b. Usually specify that contractor a«hieve of the Y test maximum dry 
density [e.g. 95^ of modified AASHO maximum dry density] . 

c. Occasionally also specify the range in the water content at which the 
filil must be compacted in the field * 

8. Compaction characteristics of. course grained soils , 

a. Compaction test not usually conducted because it is not informative 

b. Typieal compaction curve for coarse grained soil 



Dry Density 
(pcf) 



r 
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Water Content {%) 

c. Dry density achieved insensitive to the water content of the soil 

d. Conduct relative density test 



1. Description of equipment - standard ASTM equipment 
i1. Description of test procedure - standard ASTM procedure 
ill. Data reduction 

e. Specify field density as some minimum relative density (e.g. 60%) 

. f . Note the- difference between relative dens.ity and some percent of 
maximum dry' density 

Consolidation characteristics . ^ 

{' 

1. Caused by a change in effective stress within the soil 

2. Mu§t examine stress in soil before considering the subject of consolidation 



3. Stress - general . 

a. Stress is equal to the ratio of a fohfe-to the area over which it acts 

b. Two types of stresses: nprmal st|^esses and shear stresses 

c. Normal stress (o) » , 

i. Normal stress acts perpendicular to the plane on which it acts 
11. • - ' / 

P • 

Block , 
Contact Area = A 



• <?=P/A 




Flat Surface 



Hi. Units: (psf, tsf, Kg/cm^)^ 

d. Shear Stress, (t) 

1. Shear stress acts parallel to the plane on <lhich it acts 



Block 
' Contact Area = A 




flat Surface 



Hi. Units: (psf. tlf< KgW) ' 

4. Soils are more complicated because must be concerned with the stresses 
acting in all three phases *y 

34 



29 



For the present will deal with the vertical normal stresses acting in* 
a soil deposit 

a. Generally controls the anrount of consolidation which- will occur 
Vertical 'Total" normal stress (oy) acting in natural soil deposits 

a. . Vertical normal stress act? in the vertical direction and on . 

horizontal planes ^ 

b. Total stress: Total force acting on some plane in the soil deposit 
divided by the crossectional area of that pllane 



Example problem 

i . Dry soil in a box 



Box 

Crossectional Area 



Dry Soil 
^ Density- = Y^=100 pcf 



r. 



n 



Variation In vertical "Total" normal stress (oy) with' depth 
in the box: 

a'. At'som^ depth Z: Total vertical force on horizontal plane = 
, Y^jAZ - lOOAZ • • . 

Crossectional area over which it acts = A 
Vertical "Total" normal stress - (>v=Yc|AZ = lOOZ 



b'. Answer 



0 



n 



Depth, Z 
(ft.) 



bOO 'V 



(psf) 



J 



30 



lii. Effect on .the above plot if the crossectional area of the 
box were changed 
a'. None - area cancels out 

b'. Vertical "Total" normal stress is independent of the 
crossectional area considered. 

Exampte problem (Uniform dry soil deposit) 
i. Given: 



r 



xxxxx 



30" 



Uniform dry soil deposit 
Yd = 110 pet. 



Soil Surface 



-jnTmr 



Bedrock 



///.'/ 



ii. Plot: Variation in vertical "Total" normal stress with dep^h 

<• 

e. Example problem (Layered dry soil deposit) 
i. Given: 



XX . XX XX XX 



T 

30' 



30' 



XXX XXX 

» Dry fine sand. 
Y(j = 100 Pcf 



Dry sandy gravel 
= 95 pcf 



30' 



Dry silty clay 
Yd = 



Bedrock 



lUl'F 



XXX 



Soil Surfac 
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ii. Plpt: Variation in vertical "Total" normal stress with depth 



4 , 



f. Example problem (Water present) 
1. Given: 



Clay 

Ysat = 120 pcf 



80' 



Soil Surface 



xxxxx 


1 


X X X X 






xxxx ' 


J(XX 




■20' 


Clay 


• 








• V 




Yd = 105 pcf • 










t 


• 






















i 


1 



Bedrock I"'"' 



ii. Plot: Variation in 'vertical "Total" normal stress wtth depth 
iii. Note: Soil above the ground water table may be saturated or 
partially saturated due to capillary action, rainfall, etc. 



I . Hour Exam 



V. 
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CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA 

♦ 

CIVIL ENGINEERING DEPARTMENT' 

Course: ETC 411 ^' - Prepared By: J. B. Thompson 

Outline of Weekly Lecture Notes 
Week No: 6 " ■ ' Date: 11/5/73 

Lecture 'Subjects: Soil Consd^l idation and Stress-Strain and Strength Characteristics 

Assignment: Read - pp. 106-158 

' Problems - To be assigned ^ • ^. ' t 

Presentation 



t. .Principle soil properties and characteristics and their determination (cbntinded) 
A. Consolidation character istfcs (continued) . . *" 

1. Definition 

a. Consolidation of a soil is the dens if i cation iDf the soil due to the 
expulsion of water from the. soil voids caused by a change in the , 
effective sffess acting on the soil 

b. Different soils exhibit different consolidation characteristics in- that ' 
they will undergo different, rates of densif ication and different amounts 
of ultimate densif ication in response to' a given change in effective- 
stress 

2. -.Utilization 

* * -I " ' • 

\ * » a. Computation of the ultimate amount of consolidation settlement and the , 

rate of consol idation settlement a soil deposit will experience as the 

result of a change in the effective stress acting on the soil 

b. Xh^^ computed values for settlement are utilized in the design of 
foundations such as: ^ 
i. Spread footings . • 
» ii. Wall footings • - 

iii. ^Pile's . 
IV. Caissons • 

% 

'3. Determination of the consolidation characteristics of a soil 

^ a. General description 

i. Test an uodisturbetf^cyl indrical sample of the. soil ^btiined 

from the field / • . J 

ii. Simulate field oi* placement conditions by prohibiting lateral 
. ' displacement! of the soil sample during^ testing 

iii. Provide for free drainage of the soil sample^during testing in 
order to meet theoretical boundary conditions utilized in data 
analysis , > ' ^ 

iv. Apply load increments to the soil sample during the test and 
a^llOw the soil to completely consolidate under each load before 
changing the load . ' 



b. ExpeHmental setup 
i . Sketch 
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Dial' 
Gauge 



P (Load Applied) 



I Loading Cap 



Pbrbus Stcme 
•i 



Cylindrical Soil 
Sample 
Cr*oss€ctional Area 
= A 




Sealed Container 



Metal Hollow 
Cylindrical 
Restraining, Ring 



Porous -Stgne 



> \ V A \ \ \ \ \ A-^'X^^^V WWW 



ii. Load applied throu^^i a 1 oad i ng . frame 
i.ii.l Dial gauge measures the conpression of the sail sample 

I . ' ■ ' 

c. Test procedure 

i. Prepare-the sample and make the initial sample measuranents ' 
J5et up the^quipmfent 

Apply the first pressure (1/4 Kg/dn^) and measure the sample 
compression with time until all compression has occured > 
(or for about 24 hours) , , ' 

Apply the second pressure (1/2 Kg/c"i^) and measure the sample 
compression with time until all compression has occurred 
(or for about 24 hours) \ , 

Apply the successive pressures and measure the sampTfe ccKnpression 
with time until all compression has occurred (or for about ^^ hours) 
- Each successive pressure is twice the prior pressure applied 
* Maximtmi prddsure appl ied in test exceeds the maximum pressure 

to be applied in .the field 
Reduce the pressure on the sample in steps and record the 
ultimate swell of the sample resulting. 

After the sample is completely unloaded, preform a water content 
test on the entire sample immediately 



n 
Hi 



IV. 



VI 



vn 



d. Data reduction 

i.- Sample compression ve^us time for each load increment and 
computation 

- Plot and necessary constructions 



3.9 



34 



:5o 



lotj-jQ (time) 



2 



Dial Gauge 
Reading, h 



— 




\ Experimental 
^ Points 



hoo 




-Cy computation (coefficient of compressibility) 

'znn/sec. 



^50 



(K/N) (cr 



) 



v^ere: t^Q = time at 50% consolidation compression [see plot above] (sec. 
H = sample thickness (cm.) 

N = numbW of free drainage boundaries (1 or 2 ) 

Note: A value for c is computed for each load Increment applied to • 
the sample ^ ^ ■ * " ^ 

r 

Note: c^ is utilized in the calculation of the rate at which settlement 
will occur ♦ , 

11. Summary plot of c^ values computed for each load increment applied 
to the sample 



Coefficient of - 
Compressibility 



•c^ (load increment )j. 



'initial ^ 



© 




Pinltial ^ Pjinal 
2 



, Load t I 
)<— Incranent — 



^final 



logiQ(appl ie'd pressure) 
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- Cy computed for each" load increment is plotted at the average 

pressure which existed on, tlie soil sample during the application 

of the load increment ' * . 

^0 
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- Cy Is pressure dependent 

- Note tKat applied pressures are vertical normal effective stresses 

t 

ill. Suwnary plot of the ultimate sample compression resulting from " • 
each applied pressure 

- Plot the final void ratio, e, r^eached under each applied 
pressure versus the base ten logarithm' of that ^pressure 

-PTot * ' * 



Vdid R<tio> e 



loading cuWe 



Po 




login(applied pressure) 




C^. computation 



ex^jerimental 
points * , 



rebound curve * 




) 



I, 



Note: ■ Applied pressures are vertical normal e'ff-ective stresses 

♦ m 

.- Relating void ratit) to the measured dial gauge readings 
•e^ = initial void ratio ^ zero applied pressure 



\ 



e, = \ - LlA 



- 1 = ^^s^w - 1 



where: V = initial sample volume (A x Hq) 
G. = specific gravity of the solids 

= unit weight of water . 
W ~ weight of solids in sample (determined at test end> 



e = eg - Ae = soil void ratio 




Sample 
Crossectfonal 

.= A 



AH t 

Hq = initial sample height = V/A 



i 



AH = measKjred dial gauge change 



e = 

0 



(VJ ifjitla! V initial - V 



s 



'final 



'5 • 

. tyv)final (Ho " aH) A 



Ho A - 1 

it 



-1 



= ^ - inal = 



Ho A 



-1 



(Hp - AH)A 



u 
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AH A 



»liere: = initial void ratio 

AH = measurad dial gauge change 
H„ = initialsoil sample height 



- Compression Index 

Slope of the void ratio versus log-jQ ^applied pressure) plot in the 
portion shown ^ 

C^y = coTH^res&ion index = -• Ae 



. . ■ ; . 

Where; Ae= change in void ratio corresponding to the change in 
"applied pressure 
* V Pq = jSOTie initial applied pressure" 

AP = a'change in^he applied pressure , • 

Utilized in computations of ultimate settlement 

- This sumnwry pilot of the ultimate sample conpression frwn each applied 
pressure is utilized in computing^the ultimate settlement which will 
occur in the field due to some c^nge in applied pressure 

4. Example problem (illustrate application) 

a. Given^ 

i. Initial soil profile • ' *i 



V 



77777 

10' Clay 
It 



Trrrr 



TTTTT Initial Soil 
Surface 



Y =130 pcf 
sat 
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ii. Final sojl profile: • Same as above with 5 feet of fill @ y = 105 pcf 

placed atop the initial soil surface 
iii. Consolidation test results 

- Performed on sample taken from a depth of 5 feet below t?he initial 
soil, surface (e^ - 1 .0) / 

f 

^- Cy vs. Idg^Q (applied pressure) plot 

Cy X 10"^ 
(cm^/sec.) 











*» * 


• 


-e — 


t 


> 

* • 










> » 

1 


I 


^^--^^ ^ 

1 



338 



863 



1 



09] 0 [applied pressure] (psf) 



- e vs. log^Q (applied pressure) plot 

^ - Q|3 l-ogio [applie d pressure] (psf) 
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' b. Find: 

.1. The ultimate settlement of the clay surface 
ii- The settlement of the clay surface which^wlll occur in one year 
y after fill placement * * • 

... * ' ' . ' ' ' ■ • • 

B.v Stress-strain and strength Characteristics 

t 

1. Definition 

- a. Soil stress-straia characteristics are soil properties *>h1ch describe 
the compression of the soil resulting from a change in the streis 
acting on it < 

* 

b. Soil strength characteristics are* soil properties which describe the 
^ maximt^ load the soil can support without collapsing 

2. Utilization ^ 

a. Soil stress-strain characteristics are utilized in the computation of 
the probable conpression a certain soil mass will undergo a§ a result 
of a change, in the'stress ^ting on It 

J- ' ' .43 . 
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- b. Soil strength characteristics "are utilized in the design of various 
soil engineering problems In which poll apse of the soil due to over- 
loading is a limiting factor such as , ' 
r. Soil earth pressures against retaining structures 
11. Bearing capacity of foundations 
ill. .Stability of slopes 

Note.: Soil stress -strain characteristics are, in general, utilized only 
in, advanced designing and will not be emphasized herein. 

3. Simplified illustration of stress, strain, and strength 

a. Rectangular sbil sample to l^ch a vertical load, P, is applied 
^ producing a change in length, AL! * 

(load applied) ' 



Bpse 



XXXXXX 



Stresses 




^ Soil specimen 
^ Crossectional Area = A 



Tm 



XXXXXXXXX 



i. Vertical normal stress = = P/A . • 

ii. Horizontal normal stresi = = 0 (exposed to air; use gauge pressures) 

c. Strain 

1. Vertical strain = t.y \AL/Lq 

" ii. Hojfizontal strain = = 0 (as shown) 

d. Stress-strain curve ^ 
1. As is changed ty will change 

ii. c?^ and remain at 0 



Hi. Plot 



S 
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Strength . '"O ' . 

1. In this case strength could be defined in terms of the maximum 
load and vertical normal stress the soil specimen was able to 
withstand 
ii. (^v)max ^ shown ^above ^ 
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I. Principle soil properties and characteristics and their determination 
(continued) • - 

* . * • ♦ 

A. Stress-strain and strength characteristics /continued) 

1. Theory of soil strength 

a. Soil fsjils by shear when the she'ar stress along some plane 
In the soil exceeds the maximum shear stress the soil can, 
withstand. ' y * 

b. Stresses acting on a plane 

1. Stress on a plane can be* described completely by the shear 
stress and normal stress acting. 

1*1. Diagram' . 

^ / . 'U = normal stress 

itrary plane 




t 



arbitrary soil mass 



c. Mohr-Coulomb Theory 

1. Establishes an equation for the failure shear stress 
along any arbitrary plane 



'11. Equation: 



= c + tan(^) 



4 0 
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where: = failure shear stress on the plane 

(3^ = normal stress acting on the plane 
c = soil cohesion 

9 soil angle of internal friction 

ili. The two basic soil properties are the soil cohesion, c, 
and the soil angle of internal friction, 0. . 

*iv. . Failure will not occur if the actual shear stress acting 
on the plane does not equal or exceed if. 

V, Graphical representation o,f the Mohr-Coulon* Equation: 



{ 



T^=c +.0p tan 




n 



2. Soil strength properties which must be determined are the soil 
cohesion, c, arul the..soil angle of internal friction, 0. 

3. Determination of the strength characteristics of a soil 

a. Several test techniques are utilized and each is advantageous 
' under certain conditibns. 

* • 

b. Direct shear testing and tHaxial compression testing are most 
frequently performed. 

c. Direct Shear lest 

i.. General ^description 

-Rectangular or cylindrical soil specimens 
-Disturbed or undisturbed soils tested 
-Spl it 'container device 

1i. Experimehtal setup 

-Sketch ^ ' . 



4 7 
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Loading Cap 



> P (Normal Load) 



Dial Gauge 




wwvw 



^Failure Plane 



XXXXXXXXXXXXXXXXX 
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Top Container 



J (shearing load) 

Soil Sample, Crossectional 

Area = A 

S^l'-^^- Bottom Container 



uxxxxxxxxxxxxxxx 



) 
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-Loads applied through loading frame 

-Dial gauge measures the shearing dtsplacement of the top 
container relative to the bottCHn container 

-Stresses on the potential failure plane 

T = T/A' ' ' . 

11 i. Test procedure «^ 

- Prepare a sample of the soil 
. - Setup the equipment 

- Apply the full normal load to the specimen 

- Mak^ the initial specimen mea'surements 

- Gradually increase the shearing force acting on the 
specifT^n while recording the shearing displacen^nt 
produced 

Repeat the entire process bfut utilize different 
normal loads ip. successive tests. In general, 
a minima of two test$ rmist be performed to 
determine the soil cohesion and angle of internal 
friction but additional tests are desirable. 

iv. Data reduction ' 

4 

- Shearing stress applied versus shearing displacement 

4S 
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shearing 



" One curve for each test performed. . Normal stresses 
applied differ. 




shearing displacement 



Determine the faifure shearing stress for each test from 
the plots. « 



- Mohr-Coulomb Theory 

= c + tan fi 



Uf)2l 



- Plot data (r^ vs. o^). on r vs. axis and read off c and 0. 
r=c+On tan (0) 



Experimental 





Straight Line 



K'2 



-I — — 
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- Special Case #1 



Clean sands c = 0 

-0 

" ^ + tan 0 = tan 0 
0 = tan-1 (if/a^) 



- Speciaf Case #2 ' 



Saturated clay loaded rapidly 0 
= c + tp\ (0) = c 



= 0 



V. Accura^ of the test^^ 



Theoretically the test is not very accurate 

Practically, the test produces reasonable values for c and 0 

but does not yield . good stress-strain relationships in 

general 



vi. Example -problem [Direct Shear Test] 

Given: ' •« 

- Crossectional area of specimen » 5 in 

t - Loads applied and shearing displacement measuri^ment 



Test Ho. 1 


Test No. 2 




Test No. 3 


Norjal Force. N=100 lbs. 


Normal Force, 


H = 200 lbs 


. Normal 


Force,N»300 lbs. 


Shearing Force, 


Shearing . 


Shearing Force, 


Shearing Dis- 


Sheari n( 




Sliearing Dis- 


T (lbs.) 


Displacement (in.) 


T (lbs.) 


placement (in) 


Force, T 


[ib^ 


placement (in! 


0. 


0. ^ 


0. 


0. 


0. 




0. 


180 


, 0.5. 


190 


0.03 


320 




0.02 


300 


0.1 


310 


0 06 


500 




0.04 


390 / 


0.15 


405 


0.09 


595 




0.06 


460 


0.2 


480 


. 0.12 


650 




0.08 


510 


0.25 


540 • ' 


0.15 


630 




0.10 


540 


0.3 


, 585 


0.38 


615 




q.l2 


548 


0.35 


600 


0.21 


605 




0.14 


552 


0.4 


590 


0.24 


600 




0.16 


550 


0.45 


575 


0.27 








563 


0.5 


574 


0.3 









Find: - SM+^cohesion, c 

- Soil angle of internal friction, 

of) 
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d. Tfi axial Compression Test 




i. General description 

-Cylindrical soil specimens (L/D»2.5) 

-Disturbed and undisturbed soils tested 

-Provisions for applying^ independent normal stresses both to 

the top and sides of the -soil specimen Y 
-Provisions for preventing drainage of fluid from th^^it 

.specimen during testing 

ii. Experimental setup 



/ 



Soil Sample 

Crossectional Area = A 



xxxxxx 




P (vertical load) 



Loading Piston 



Fluid Under 
'/ Pressure 



J 



/ 



One 
Failure 
PI ane 




^lu- 



id 
Under 
Pressure 



Base 



4^ 



Sealed Chani)er 



^te^i)rane Sealing 
Soil Specimen 



xxxx 



x^xxx 



ve 



Connecting Soil Specimen 
to Exterior of SealefMihamber 



46 



- Vertical load applied through loading frame . 

- A dial gauge not shown is placed to record 
vertical soil sample deflections 

- Stresses acting on the soil specimen: 

■ . • ■ ' 

a. - 0c = pressure in fluid contained in 
chamber 

av = P/A + 0^ / 
cjjj = deviator stress = ay- 0^^ = P/A " . 

iii. Test procedure 

- Test procedure will vary according to thfe type ©f^** 
triaxial compress iW test being performed in that 
the valve sN)wn allowing drainage of fluid from the 
5oil specimen may or may not be open at various timCs 
during the test. A general testing sequence is presented. 

- Prepare the sample' of soil and mount it between the base 
and the cap. Place and seal the menAirane. 

- Make the inifial- sample measurements. 

- Set up the equi;»nenti 



\^ - Apply a pressure to the fluid in the sealed chamber. ^ 

- Gradually increase the vertical load acting on the > 
specimen while recording the vertical deflectidn 
produced. 

— Repeat the entire process but utilize different chamber fluid 
pressures in successive tests. In general, a minimum of two 
tests must be performed to determine the soil cohesion 
and angle of internal friction but additional tests are 
desirable. ^ 

iv. Data js^farttion 

7 Devi a tor stress versus vertical strain 

One curve for each test perfom^d. Horizontal stresses 
applied differ. 



o2 



ERIC 



Oevlator stress , Q^^^?/^ 
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Vertical strain, = AL/i 

Vertical .Strain equals the change in the specimen length, 
AL, divided by its initial length Lq. 

» 

Determine the failure deviator stress for each test from the 
plots. ' . ^ 

- Based on the Mohr-Coul oni) Strength Theory and Mohr's 
circles for representing the stresses acting in any 
body, the following construction can be made. 



Shearing stress, x 



{ 



Best Fit Tartgent Line 




Normal stress, a 
\ 
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... ' * 

Construct a t vs. o axis utlllUng the same scale on ^e 
ordinate and the abclssa. ' . 

Plot points corresponding to and {a )f for eath test 
performed on the normal stress axis. [Note (a«)jr • • 

Construct a circle pass'lng through both points for each 
test and having a center lying on the norspl stres$ axis. 

Construct a best fit Jine tangent to the circles constructed. 

Read off the soil cohesion and angle of Internal friction as 
shown-: 

An equation could also be ynrltten and c & 0 could be 
determined from this equation. . 



(^v^f ' !' ^ si" g\ + 2c cos e 
^ - sin iJ -ran 



where: (oy), « vertical stress applied at failure 
^ for test 
ac = chamber fluid pressure for test 
0 ' soil angle of Internal friction 

/ c = soil cohesion 

Note: FalUtre will occur on some Inclined plane or planes In 

tttfsoll sample. Identifying the potential failure, plane 
Is more complex In this test than In the direct shear test. 

- Special Case #1 ^ 

Clean sands c 0 

K>f ' 



a^f L+slnA i 
*=\1 -sin %). 




tan^ (45+0/Z) - {oj^ 



0 = 2 tan'"" [/{0y)/o^> 90*' J 

f - Special Case ^ ' ^ 

saturated clay loaded rapidly (undral^ed) P • 0 
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V. 



0 r i + sin gY -t- 
- sin 1/ 



2 c cos 0_ = a + 2c 



Specific TypHBs of Tri axial Cofl5)resston ^Ile^ts 

- CbnsoTldated Undrained / 

■I ■ ' 

- Consolidated Drained ^ 

. - Unconsol fdated Undrained 

- Unconsolidated Drained « 



4S_ 
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- Primary difference4)etween tests lies in when if at a/O 
' . . » fluid is allowed to drain from the s5^^ specimen. . 

» - The test performed Is selected on the basis of how 
accurately it simulates' field conditions^. (Examples). 

vi.' Effective Stresses versus Total Stresses. 

■• ' '".,»■ - ■ ^ 

- - All the stresses In this discussion of soiT stress-strain 
^ , and "strength characteristics could be expressed in terms 
of either effective stresses or total stresses. 

-Effective stresses are the correct stresses because it has been 
shown that th6y best describe loil behavior. v 

• . 

- Total stresses are frequently used, however, due to the. 
difficulty in determi^rtiflg' pore -water pressures. ^ 

\ '-Soil ccftie^on and angle of interJjaT friction values determined 

using tbtajf stresses are denoted *by: c ; -0. 

'*^>~Son cohesion and angle of internal friction values determine 

. uMn^ effective stresses are denoted by: c' ; 0'. ' 

' *• ■ ' , ' ' • ' * •* ' . 

vii. UnCdnfined Compres'sion Jest"?"^ * ^ ' : ^ 

- A special case of the UrJeonsolidated Ondrained triaxial 
congress ion test. » > 

- Work in terms, of t(Jtal stres^Ss. » • 

- Test most frequently performed on saturated clay and since. 
. the test is an undrained test, 0=0. 



ERIC 



(^v)f. ' "^rf 1 + sin gV 2.C cos 0 
^ \^ ^VV- sin 0/ 1 - sin 

' K^f -^c 



=0^ ^ 2c' 
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- Circumferential area of the speoimen Is exposed to the atmosphere 
and Op • 0. [Always work In terms of gauge, pressure]. 

2 

where: (0„)x vertical s'tress applied to sample at failure^ 

^ ^ % ' - . 

qu " unconflned compressivje strength 

,0 . = soil cohesion 

* ♦ 

- Very quick test to perform and a very popular test jn practice^ 

* . . ' 

Occasionally performed on other than saturated clays because 
It will generally yield conservattve values for design but care 
should be -taken in the analysis 

- Example Problem: [Unconftned Coi!?)re&s1on Test] 

\ -. . • 2 ■ ' 

Given: Initial smp^e crossectlonal area » .6 in 

' Initial sample leYigth-^ . -« 3.5 In 



Vertical- Load Versus Vertical Deflection 



f 

Vertical Load, P 
(lbs.) 


Verrfcal Deflection, AL 
, . tin.) 


, 0 


0 


20" 


.05 


32 


' .1 


39 


.15 


42 


.20 


41 


.25 


39.5 - 


.30 


38 


.35 


38 


.40 


37.5 


.45 


37 » 


. .5 


37.5 


' .55 



Soil is a saturated clay - 

Find: Vertical stress versus vertical strain curve 
(Illustrate area 'correction) 



^u 



ERIC 



51 

vlll. Accuracy of triaxlal conipression testing 

- Most accurate of cranmonly' used soil stress-stirain and 
strength tests 

- Some theoretical problems, however. 

PriiT^firy factors affecting the cohesion and angle of internal friction of 
One soil. I 

a. Density 

9 ' 

b. Fluid pressure within the soil voids 

c. Disturbance and aHeratton v 

Typical values for the cohesion and angle of internal friction of-various 

soils. ^ ■ s ■ 

■ ■ • .» . .• 

a. Table * I 



Soil Type , 


(Degrees) 


(psf) 


Clean Sand 

Silt 

Clay 


25-50 

inter 

0-40 


^0 
mediate 
0-2500 



b'. In general, soils exhibit, a wide range in values for these properties. 
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I. Field Investigations 

A. Punposes: 

1. Gain general knowledge of proposed si te(s) , 

, 2. *Deterfli1ne th6 distribution and characteristics of the soil present 
at the proposeji site(s) . * 

3. Locate and describe the groundwater present at the proposed $ite(s). 

B. C(^positfon of field' investigations 

1. Making general observations ' ^ 

2>. Penetrating the 50II deposit 

3. Sampling the soil deposit 

4. Performing field t^sts on the soil deposit » 

■ . \ ' ' ' 

C. General observations . j * 

1. Climatic conditions * - ' 

2. Topography 

» 

• 3. Surface water • 

4. Past slope failures an<j resulting scars 

5. Surrounding structures 

t 

6. History of thejirea (e.g., seismicity, flooding, mining, oil or gas 
production, soil Swell, soil frost action, etc.) 

* . *• » 

D. Penetrating the soil deposit 

1. Hand auger 'o H 

< 2. Backhoe • . 

3. , Chopping bit 
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4. Mechanical auger 
5.. Rotary wash 

6. Bucket rig i 

7. Cable-Tool rig ^ ^ ' ' 
Sampling the soil deposit ' ^ 

1. Block sample 

2. Split spoon sample 

3. Shelby tube san?)le J 
^, Piston* sample 

• • • 

•'S. Foil sample 
6. Core barrel sample 
7* Frozen sample " , • 

Ik 

Field testing of the soil deposit 
1 . Standard Penetration Test 
Cone Penetration Test 

s 

3. Permeability, Test 

4. .^rehole Shear Strength Test 

5^ ^rehole Expansion Stress-Strain Properties Test 

6. Vane Shear Test 

7. Plate Load Test 

8. Pile Lj^ad Test 

9. Test for Locating the GroundwatersTatJle 
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sign of field exploration programs j 

1. Each field exploration program will be different. 

2. ttesign bas«l on: . 

a. Type of project 

b. Distribution and magnitude of. loads ^ 

c. Anticipated conditions at proposed site 

d. Regulations establ ished by own^ or regulatory agency 
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3. Examples 

^. Highway construction 

b. Shallow foundations 

c. Pile foundations 

d. Dam construction 
H. Sumnarjlzlng the results .of the field exploration program 

a. Boring logs or logs of pits excavated 

b. Sumnary sheets of field tests \ , ' . 
.c/ Soil profiles 

Design and Cdnstruction Problems Deatling with Soil (En^^asize instruction 
Problems) ^ 

A. » Topics trf be discussed include 

1 . Engineered ills- 

2. Seepage^ through soils. ' 

3. Retaining structures . ^ , 

4. Foundations • • 

4 

5. Slopes 
■* 6. Dams and reservoirs 

7. Subgrades • 
Bi Each topic will be briefly presented 

r . - . • 

C. Engineered fills 

1 . ■ Definition 

. a. Engineered fills' are roan deposited soil masses designed to have 
certain prop^ties and whose construction is control^led to 
assure that these <leji red properties are achieved. 

2. Utilization . • 

a. Engineered fills are frequently designed and constructed to act 

1. Water retaining structures (e.g. dams ajid levees) 

ii. Backfill behind or over various structures (e.g. retaining 

__*»«s, pipelines) 
,111. Highway and airfield subgrades 
iv. Surcharges to preload soil deposits 
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V. structural foundation material having a high strength and a 

lov con^)res5ibility. 
vU 'Material to achieve the desired site grade 

Design and specification of engineered fills 

a. See previous discussion on soil conipaction 

Construction of engineered fills 

a. General process 

1. Fill is constructed in lifts (layers) 
11. Soil is obtained from some borrow area(s) and modified If 

necessary (e.g. graded,- mixed with.other soil) 
til. The desired compaction moisture coq^nf^is achieved in the soil 
iv. Soil is placed in locatiofi in an^^nSimpacted condition until 

the desired lift Height is achieved 
V. Soil is compacted to the desired . • 

* ' ' • ■ ' .- 

b. Locating soil borrow area 

i. Major problem in some cases ^^"^^ 
ii. Must know first what type of soil ^st be acquired 
iii. Air photos sometirties helprul 



c. Obtaining the desired moisture content - 

• 1. Conveyor system with dryer or a sprayer depending on which 

is needed is most convenient 
ii. Frequently water truck or hose techniques are used to add water 
iii. Drying soil is a major problem particularly in heavy rainfall 

regions 

d. Lift heights 

• » 

i. In general, an increase in ^he lift height will result in an 
incre^ase in the nunrt)er of passes a g1:ven contactor will have 
ti/make to achieve the desired degree of pompaction 
ii. Economic trade offs are im^rtant ^ 
iii. If the lift is too thick, It will -he in^ossible to achieve the 
desired degree trf compaction 

* 

e. Compaction of the soil 

•' i. Compaction of the soil is achieved by the passage of a piece 
of compaction eqivipment over the soil 
11. Static compaction equipment 
* - Smooth-wheel roller 

- SheepsfoOt roller 

- Rubber- tired roller . 
ill. Vibratory compaction equipment 

- Smooth-wheel vibratory roller 

- Vibratory sheepsfoot roller 

- Rubber-tired vibratory roller 

< ' - . •* 

, -61 
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■fy. Tampers and vibrators 
'v. "Vibroflotation 
v1. Compaction piles 

vii. In general, the fined grained soils contact best under 

static compaction equipment. / 
viii. In general, the coarse grained soils compact best under the 
vibratory compaction ec^lpment <^ 

Control of the construction of engineered fills * 

a. . In general, check that the required dry density is achie\red 

■ ' ' ' ' 

b^ Occasionally must also assure that the desired water content 
is being utilized 

c. Water conteny check - 

i. Obtain a sample of the compacted soil immediately after placement ^ 
and perform a standard water content test using equipment desianed for 
field applications. 
11. As a replacement to the standard water Content >ffest, a Speedy 
Moisture Meter or Nuclear Moisture Density Meter determination 
might be performed as those two tfesting techniques considerably 
reduce the time required, [ftote: ^ These' substitutes are not 
always* accurate and should be used with care]. 
111. Con^are water content measured to the desired value(s) 

d. Dry density check 

1. Utilize fo.l lowing equation: ,! ^ 

• 't^ • ■ • , 

where: if^ = soil dry density 
Y * soil bulk density 
w = soil water content - . 

ii. Water content ,w, determined as indicated above 
ill. Soil bulk density determined by excavating and weighing a ^ 
chunk of soil from tbe compacted fill and determining the 
volume of the soil, ranoved from the compacted fill by one 
of the following methods: 

- Direct measurement 

- Sand con? method 

- Rubber balloon method * 

iv. Alternatively, the bulk density may be determined by using 
the Nuclear Moisture Density f^eter although care must be 
taken due to inaccuracies which will result in some cases. 

'v. Compare the computed' soil Yd as compacted with the desired 
value(s). 



57 



' 6. Problems which nay develop Id 0k construction of engineered fills 

a. Inability to iwet specifications^^ 

b. Delays due to Inspection requ1r«iients 

c. Mobility of vehicles 

d. Mud waves - . • 

e. Erosion or overtopping of fills n^r bodies of water 
7. Hydraulic fills 

D. Seepage through splls 

i 

1. Comnonly encountered groundwater conditions In soil deposits '*. 
a. Single ^roOndwater table hydrostatic pressure conditions 
. b. Perched groundwater tables hydrostatic pressure conditions 
1. Sketch 
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Perched GMT 



.Ground Surface 




lay Lf/i 



nse 



Sand Deposit 

/ 



XAAAAA KXXX 





Mrock (Impermeable) 



11. Identifying perched GWT's 

" toss of dr111.1ng!*faW 

- Identification of profile 

- Knowledge of principle GWT location at site 

c. 'Artesian conditions 

4 

1. Sketch 



Acqulfer Source 



Acqulclude (Base) 



Ground Surface 




11. Water will rise In j^L^ndpIpe placed In the artesian a(iqu1fer 
above the 6WT J^^* . r 

d. Caplll^y rise conditions y ' 

.1. Water pressures less^^tihan atmospheric 
11. Water encountered abdvl?: the groundwater table 
111. CoKlpletely saturated zoi^e and partially saturated zone 

e. Evapotransplratlon 

2. Primary. problem areas Involving see^e of water through soils 

a. Computation of and control of th6 quantity of water seepage through 
soils' 

h. Computation of and contro^ of possible soil erosion and Instability 
due to the seei^age of water throu^ soil 

\ 3,. Theory of seepage of water through soils 

, , a. Seepage of water through soils can be djescrlbed by a partial 
differential equation formulated from: * 

1. Continuity equations 
11. Darcy's Law 



b. Equafion 



r 



•k jafh 



3^h + k, rh = 0 



c. Certain assumptions are necessary £o establish the above equation 

4. Solutlon'of this basic partial differential equation 

a. Can be solved exactly or nearly exactly in a very few restricted 
cases (see section on soil permeablTlty) . 
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• b. In most cases, must be solved approximately 

11 Graphical solution (flow net) 

11. tfathematlcal analogs* * . 

111. Electrical circuit analogs 

1v. Resistivity ^per 

» V. Models 

c. Graphical solutions (flow nets) are the most frequently used 
and Mill be discussed here. ' ^ - . * 

5. Flow nets 



a. GIraphlcal soluljlon to the controlling differential equat1or> and 
as such must have certain characteristics 

b. Example flow net (Homogeneous Earth Dam) 



^^''^ii^Soll Fill. 

Permeability - K 




yoMcxmxm barxu dam * 

\ Legend: 0 Streamline 

V Equi potential Line 



c. Will deal with fTow nets for two dimensional flow In homogeneous, 
isotropic soil , 

d. Composition of a flow net 

i. Streamlines (flow lines) 

- Indicates path water flows 

ii, Equlpotentlal lines 

- Lines of equal water head ? 

e. Requirements of a correctly drawn flow net 

1. Streamlines and equlpotentlal lines must always Intersect at 

right angles \ 
11. The average side dimensions along streamline and equlpotentlal. 
line directions of an area in a net bounded by two equlpotentlal 
lines and two streamlines should be equal If possible. Other- 
wise the dimensions should be >Bf. the same ratio as all other 
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areas bounded by! the two equi potential lines. 
Mii. If a free stffface (phraetic surface) jexists in the flow net, 
the vertical distance between the Intersection of adjacent 
equi {potential lines and the free surface should be a constant. 

•f. Drawing a flow net is a trial and error procedure, 

g. Computing the quantity of seepage from a flow net 

i. Theory yields an equati-on: 



Q « Np 



Ah. . , k L 
total 



where: Q » volumetric rate of flew through the 
flow net (cfs) 
Np- number of flow tubes (number of flow lines 

minus one) - . 
Nq» number t)f equi potential drops 
N ° soil permeability 
^ k = length of structure (distance into paper) 
^ ^total * through the flow net 

11 »o 

r if all areas are perfect "squares/ Nq.» number of 
equi potential lines minus one 

- if all areas are. not perfect squares, Nn » number of 
perfect squares plus the sum of the ratios of the ^ 
side dimensions of the non-square areas. The'ratio 
to be used is the dimension measured in the equipotential 
line direction divided by the dimension measured in the 
streamline direction. 

h. Determining the 11keliN)od of possible soil erosion and 
instability from a flow net 

1. A number of sophisticated methods of analysis - 

11. Will examine the critical hydraulic. gradient concept which is 
. a general irkiicatoi^^of^ possible problems . 

ill. Critical hydraulic gradient, 1^^. 

- Equation 

i T Icr " ^ • ^w » Vb 



'w 



Y, 



J 



J 



•I 



do 
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where: 1^^ » critical hydraulic gradient ^ 

Y ■ soil bulk unit weight (yually y^^^) 
Y„ = unit lelght of water 

* ft 

Yb ''Mil buoyant unit weight 

- Typical values' 



Y « >20 Y « 

^ . ' 120-62.4 „ 57.6 - i. 



If the critical hydraulic gradient Is exceeded at any point 
In the flow net at wh^ch the flow has an upwaHs comnent, 
then erosion or Instability of the solUdeposft Is possible. 
Erosion will result if this condition develops at or near the 
surface. . . ^ * \ 

Computation of hydraulic gradients at points In the flow net 



- Equation 



Hydraulic gradient « 1 « Ah 

where: Ah * some head loss 

I « length oylir which head loss occurs 

- Hydraulic gradient 4s different at different points # 



- Ah' 

Coi^Juted^etweeh two equlpotentlal lines 

r n * M H ^ Ah total/ 

For all perfect "square" areas. Ah « 'Np 

'For non-perfect "square" areas. Ah » Ah total /(ratio 
of sides). The ratio of the sides is the same ratio 
discussed earlier. 

' I ■ ' • ; • 

Distance between two equlpotentlal lines along water flow 
path measured from flow net and scaled appropriately 

Sunna ry 

- If flow has an upwards component and: 

^ t erosion and* instability may occur ' 
i < 1^^ erosion ami instability are not likely 
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Must check all points in the flow net. Highest hydraulic 
gradients will occur where the equlpotentlal lines afre 
closely spaced. 



1. Example flow nets, seepage quantity calculations, and erosion 
and Instability checks. 
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Controlling seepage quantities and erosion and** Instability posslbllltl 



11. Cutoffs 

111. Blankets 

\ 1v. Hells - Men points 

V. Drains . > • 

v1. Surcharges 

Construction problems related to seepage through soils' 

1. Dewatjering excavations 




Removing InfloW 

^Intalnlng a stable excavation base* 
Possible damage to surrounding structures 



11. Vehicle mobility 



4 



111. Tunnel lin into w^ter tiearlng deposits 



1v. Stability of cut and nil slopes 



Filters 



Quicksand 
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1/ l^sign and Construction Problems Dealing with Soil (Emphasize Construction 
Problems) [conti>nued] 

A. Retaining Structures • 

1. Definition . { 




a. An ejh^th retaining structure is any structure designed and constructed 
to holdN^ck a soil mass. 

b. Frequently, $his4 soil mass would be unstable flnless othenvise supported. 
2. Utilization 

a. Retaining structures are generally constructed when economic land use 
requires steep and/ojr-high soil slopes or when the geOrretry of ^ particular 
job makes than mandatory. ' • - 

b. Examples :j 

i. Highway cuts and fills » . i . . . ^, *«- V 

ii. Cuts and fill-s associated with 1 aj^^j igj^^ffl^ti'^'fe 
iii. Construction excavation (e.g. st^yraT "basements) 
iv. Dock structures (e. ^^kb^S^*}*^^ , 
V.' Dam' construction (e;£^j^<i%^^ms) 



3. Types of rte^i^s tructures 
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Soil Surface / . /> 





Heel 



• / 



( 



Soil 
Surface 



11. Massive cortcrete structure , ' 

ii.i. May or may not be reinforced 

iv. Stability of the wall results from its own larqe weight 



b. Canti liver retaining wall 
1 . Sketch • 



5Dor~ 



Toe 



c 

I 



Soil Surface 




li. Constructed of reinforced .concrete ' ^ 

iii; Stability of the wal] results from the soil pressure actinq on 
the wall footinq 



■ ' - V. 



c. Buttress or counterfort retaininq wall 
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^1. Sketch 



I 

Ground Surface 
— -xxx- — > — - 




Buttress or counterfort 
(Tie) ^ 



Toe 



Heel 



Ground 
Surface 



ii. Constructed of reinforced concrete * 

"\ • 

iii. Stability of the wall results from the soil pressure actinq on 
the wall footing , ' * ^ ■ 



Sheet pile retaining wall 
i. Sketch 



Sheet Pile Wall -^^ 



Ground' Surface 



Tie Rod 



Ground 
Surface 



Dea^ 
Man 
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ii. Usually construifted of steel sections 
- One typical section 



m . 




Steel 
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- Frequently tongue and groove connections 

Occasionally designed and constructed as a "tie-back" retaining 
wall utilizing the dead man and the tie rod shown 



iv. Stability of the wall resul ts . f rom the soil pressures acting against 
the completely submerged portion of the wall 5nd the "tie backs" if 
utilized 



e. Crib walls 
1 . Sketch 




Soil Surface 



\ 
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1,1. Wood, concrete, or steel ^framework filled with soil. Material 
and dimensions of fraiT«work highly variable. 

iii. Stabil^lty of the wall generally results from' its own large weight 



f. ^Braced excavatiofls 




7.7 
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i . Sketch 



Ground Surface 



Ground Surface 





Braces J 




\ 

• 




Excavation Bottom 







Sheieting 



^ ii. Material used could be steel, concrete, or wood 

iti. Stability of the excavation pro^idfid^redominantly by the brates 
iv. ' Configuration of braces variable 
g. Soldier beam - lagging design 



h. Cofferdams 

i. Slurry trenches 
j. Reinforced earth 



4. General design procedures , 

a. The particular desi^ procedure to be followed will vary with the 
type of retaining structure to be utilized. 

b. General design procedure consists of: 

i. Determining the soil pressures acting on the retaining structure 
ii. Dimehsioning the retaining structure 
ill. Checking the stability of the retaining structure 

- Soil bearing capacity ' 

- Sliding ^ , ^ 

- Overturning ' < 

- General slip of entire structure 
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iv. Calculating the forces, shear stresses and moments generated 
in. the structure by the soil pressures acting on it 

V. Performing a structural design . ^ • - 

- Steel sections 

- Concrete sections and reinforcement 

- Tifrtjer sections 

- Connections ' . ^ 

c. Additional factors which must be considered in the destgn of r^etaininq 
Structure^. • ' 

. i. Construction procedures '^^ 

ii. Joints . • 

_ iii. Drainage of the backfill 

iv. ' Source- of the backfill - 

V, Effects on surrounding structures 

vi . Economics « 

vii. Building Codes / 

d. A con^^leted design must be acconf)anied by construction drawings 

Notes: a) EartN pressures exerted on retaining structures are 

highly dependent on the construction sequence followed. 

*^ b) The corvtractbr frequently designs the excavation bracing 
needed for a particular project. Most o.th6r retaining 
structures ar6 designed by other engineers. 



ning^s 



5. Aspects of the construction of retaining ^structures 

a. Excavation and possible dewatering 

b. Sheet pile firiving 
t. Concrete and reinforcement placen^nt 

d. Bracing placement 

e. "Tie-Back" install ation 

f. Drainage system installation 

g. Fill construction 



B. Foundations 
1 . Definition 



d. A foundation is a structure designed to transmit a load to some soil 
deposit, 

b. Common sources of the load to be transmitted to the soil deposit 
include: 

i. Weight of ^structure v /."J 
ii. Wind forces 
iii - Snow forces 
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iv. Wave forces 

V. Weight of cars, trucks and trains 

vi. Weight of fluids (e.g. oil) . 

vii . Soil masses 



2. Utilization . 

* a. A foundation must be designed and constructed whenever a load is tp be 
transmitted to a soil deposi^ 

b. Examples: 
i 

V. Building colunm or beam 

ii. Building wall . . 

'iii. Building mat 

iv. Retaining wall footing 

V. Offshore platform . * 

vi . Bridge pier 

vii. Highway abutment 

3. Types of foundations 

a! Spread footings ' . ^ ■ 

1. Sketch. ■ 



1 



V Vertical load) 



Soil ^"'"face 



H (horizontal load) 
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Soil . 
.Surface 



Structural Mer 



• 0 



< > I 



• o 



Footi ng 



ii.* Shapes in pl^n view 



- Square . ' / 

- Rectangular , 

- Trapezoidal 

- C(M»*1ned 

iii. Strap and cantilever footi ngl^, 

-tv, -Constructed of reinforced concrete generallit al though plain' 
concrete is occasionally used 

V. Load is transmitted predominantly at^the contact between the 
base of the footing and the soil deposit 



vi. Shallow foundation 
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b. , Wall FootiTig 
Same a 

length , - t 



1. Same as a rectangular spread footing exceptj that |^ has 'considerable 



flat foundation 

i . Sketch (Plaa View) 



□ 



□ 



□ 



□ 



Structural 
Columns 



Mat 



1 1 
iii 



Note: Sideview would show a relatively thick concrete mat 
placed at feofre depth below final grade and supporting 
the struct|iral columns indicated 

Constructed of reinforced concrete 

Load is transmitted predominantly at the contact between the base 
of the mat and the soil deposit ' 



iv. Shallow foundation 



1 



XT 

Raft foundation f 
i. Sketch 
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Soil Surface 
-4Kr- -JH**- 



Structural Member 



^.y^etaining Wall 



CP 



Soil SurfacCx- 



-00 tings or Mat 



ii. Loads are transmitted through footings or ♦ mat placed the 
base jof 5n excavation 

-iii. Settlement reduced t^cause of considerable removaj/of soi> ^ 
prior to fq^ndation and structure constructiorf 

i V . Ba semen t ^ro v i ded 

V. Generally constructed of reinforced concrete 

(. . ■ . ■ ■ ^ 

vi. Load trahsmitted predominantly >^ tha^contact between the base of 
the foundations placed in the 6oUom of the excavation and the 
soil deposit. Some load can aT§o be transmitted through the 
retaining wall . 

vii.* - Foundation placed at moderate dep*h 



e. , Pile foundations 
i . Sketch 



7,9 
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SflilSurface 



■'W'f'*" AXX ' XX 



'^Structural Member 




Soil Surface 

« 

r^BHt — m — — JC^x" 

y ■ - 

Pile Cap 
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ii. Number of^piles per group, configuration of group, and spacing 
of piles 'variable * ' 

* 

iii. Pile cap usually constructed of reinforced concrete 

iv. Types of Piles ^ 

Materials 

Timber 
Steel 

Reinforced or unreinforced concrete (may be pres tressed) 
Composite piles 



- Pj le s ha pes 

, Cyl indricaT^ --^-..^ 
Square or rectangular 
"H" or "I" section . 
Continuous taper 
Step taper 

; Sheets ♦ 



7.1 
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- Methods of Installation 
Driven 



.X 

Predrilled 
>l^tted 



- Type of soil resistance generated 

Skin friction ' ^ 
End bearing 

Combination of skin friction and end bearing * 

- Special Cases 

Franki pfiles 

V. Pile Hammers , - , 

- Drop hammers 

- Air driven hammers 

- Steam driven hammers . 

- Diesel driven haireners * . 
" Vi bratory hammers 

> 

- Double acting versus single acting 

- Pile driving stresses 

vi. Pile driving formulas 

vii. Control of pile driving 

viii. Pile load test 

ix. Piles are used* to transmit the desired load at depth in the soil 
depo^nt. 

f. Caissons • . ' 

i. Sketch (drilled cais^son) 



V 



\ 



^0 



4 
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Soil Surface 

HItX 



Drined-In or 
Socketed Base, 
(type b) 



Structural Mincer 



•imt 



if 



CMsson 




r ' I Base (Type a) 



I 



-4- 

Bearin^tri 



Soil Surface 



tratunv 



ii. Caisson constructed of reinforced or unreinforced concrete 
iii. Load is transmitted to bearing stratum at depth 

* 

iv. Aspects of construction 

- Drilling the hole . — 
^ Casing *' 

V - Belling (if required) 

- Inspection 

- Concrete and reinforcement (casing recovery if applicable) 



V. Special. Casas 



Hi 



- Open end caissons 

- Closed end caissons 

- Pneumatic caissons 
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4. General design procedures v 

a: The particular design prop.edure to be followed will vary with the type 
of foundation to be utilized . 

^ * * 

b. General design procedure consists of: 

i. Sizing the foundation based on the applied loads to be 
transmi tted^ to the soil de^wsit and: 

-^oil bearing capacity criterion . 
; -' Soil settlement criterion 

- Construction feasibility 

ii. "Determining the soil pressures which will act on the foundation 

iii. Calculating the forces, shear stresses and nraments gyrated in the 
foundation' structure by the "structural" loads and resiilt^ng soil 
pressure acting on it . , , 

* ' ** 

iv. Performing a structural design 

Stee^ sections ^ 

- Oftncrete sections and reinforcement " " 

- Timber sections . 

- Connections 

c. Additional factors which nwst be' considered In the design of foundations 
i. Economics 

; ii. Location and characteristics of groundwater 
ill. Effects on surrounding structures ' , 

iv. Construction procedures . ~ 

V. 'Building codes ' . . , 

vi. Freezing and thawing 
vii. Site improvement (e.g. preloading) 
viii. ^il disturbance 

d. A con^leted design imist be accompanied by construction drawings 

5. Aspects of the construction of foundations . * 

a. Excavation and possible dewatering 

b. Concrete and reinforcement placement * \ 
' c. Construction work associated with retaining walls utilized If any 

(see prior discussion) 

d. Pile driving . , . 

e. Pije splicing 

■ f. Pi re and caisson drilling 

g. Pile jetting 

h. Fill construction 
'i. Field load testing if request* 
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I. Oes^'^and Construction Probl^ Dealing wi\h Soil (Efflphasize Construction 
^-froblims) [continued] * \1 " 

f ■ ■• • • ' ' . •' ■ 

'A-. Soil Slopes . • . 

T*. Definitions ' * •^ - A.v * 

a. A'Soil. slope is any soil deposit having a sjopihg or 
^ ' non-horizontal surface* • • 

. * br S»i1, slopes can be composed of natujal sails, man deposited 

soi-ls, or' a coiirt>ination of the two y 

2- , Utt-lization* ^ -/ ' ' 

a. Soil slopes are encountered in a wide variety of. field , 

problems • • ' ^ .. ' 

ifs:' ■* ' 



- " « -b. txampl-^. 

*, ... • i. ' highway. cuts and fills * a ' 

'lljk- ^ ^ * . 'ii. ra.Tlway cuts and fills , -.^ ' % 

v?^. ' . * . iii. eaKh dams. and levees ' \^ • 

' ' . ^v. ^-nsltural sol 1> slopes treated byviature . * • 
, V. ,-land in^rovementNpr.devetopmentN 
',1 ^ ' vT. I^et&lnlng wall structure V - ..' , 

- / ' * vii. building excavations > - 

3.; Analyzing'for the stability and safety of slopes 

• . . " , \^ >tost me.thods of*&na1ysis arie based on egdilibrium equations 
• ' applied* to an assumed failure mechanism 

' f . i. . sliding wedge • - 

, • ii. slip cir,c1es T - ^ . . 

... *- ' Charts available Q.o ♦ 

. . c. Building Codes 



4. Techniques for increasing Ihe stability of slopes 

a. Berms < ' . 

Decreasing the slope angle , 
c. Decreasing the slope height 
il. . Surcharging the* base of the slope ^ 
' e. ReiTOving loads existent atop the slope •* 

f . Draining the slope 

g. . Placing a retaining structure 

h. Modifying the soil composing the slope 

i. Placing vegetation on the slope 

5. Aspects of slope cons trojct ion 

a. Excavation 

b. ' Fill placement 

c. Installatiion of drainage systems 

. d. Construction of retaining structures « 
e. Planting of vegetation ' " I ■ 

Notes: (V) H is important to realize that some slope failures are 

deep seated and are difficult to stabilize by using retaining 
* stfnjctures. 

(2) Nature's natural process is to flatten the land and all posjibl 
causes of slope failures should be realized before attempting 
a stabilization {e.g., Palos Verdes HilH) • 

B-. Soil and Rockfill Dams : \ " • ^ 

1. Oeflnftlon- v . 

ra. soil or rock structure to' safely retain* a 

f1i4id whtth is frequently water 
b. A levee or some relatively small structure may be 
considered in general to act as a sma*ll dam 
... • ^ * 

V 2. Utilization " .. 

a. .Reservoir installation 

b. Flood" control 

c. -sj-and reclamation ' • 4^ 
* ' d. Construrtion of projects adjacent to bodies of water 

e. Special purposed 
^ . , ' " -tailffi^ dams * " ' " • . . ; '^>^. 

-rflineral- reclamation (evaporating basins) . ' ^ .' 

3. Typical soil and rockfill dani crossections * . « 

s ^ a. Dam crossections utilized highly variable 



b. Example 1 
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c. Example 2 




ef 1 



® /m;i^p|Ai« foUed earth- 'to consist of a fnUtuft pf siU, finr to mt-dium sand, ami gra.W not exceeding .} in. max difnfv^,]„n 
® ^L ^^ rarf*. tran.^io„ zone. -to ronUst of fine to amrsc sand and gravel not exceeding 3 in. max. dime,Mn to- 

get^ wUh wme silt sizes. Ue fineia- material to he adfarent to zone (,) wUh a gradual tramition mdumrds. 
@ R^dW. g«.W. and <^es the finest material to he mlfacent to zone (2) ami the cmrseH adjacent to Zi,ne C4) nml/or (,y 
® P"''VT^*^o cpnsi^ of rock frufpnents fn^ required rock excavations and prtmarib, composed of mell Pradetl )ra.'mmt, 

^ ^ . *^S7 'f^'^ ^ fi""'*^ ^ ^'rf* If*'' material. 

(5) Random fiU-lo have a min. dry weighfy^h5 a>.Aft ' and min. tingle of interrMl friction - " 

w' . Beardsley l)am,. Califomh. if 

' _ - . fit.) 
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d. Example 3 




e. Example 4 • 
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4. Design considerations 

a. Source and transport of material 

b. Nature of the proposed site 

c. River diversion (If necfessarj^) 

d. Probable wave actloh 

e. Ccmstructton feasibility 

f . Purpose of dam - ' 
^ g. Selsmlclty of area 

h. Seepage 

1. Slope stability 

J. Settlement of foundation and structure 

k. Possible damage caused by burrowing of animals 

5. Aspects of construction 

a. Supervision and Inspection 

b. Excavation 

c. Fill Construction 

d. Placenent of slope protection (e.g., riprap, asphalt, 
soil ceiient, concrete)' 

e. Climatic conditions 
'f . Tfme schedules 

g. Foundation treatment ^e.g., grouting, cutoffs, wells) 



6. 



Notes: (1) 



Construction Instrumeiltatlon and cost construction inspections 

Piezometers 

b. Settlement and 'slope movement devices 

c. Stress devices ' , 

d. Physical Inspection (e.g., bowing, sand bolls, cracks) 

e. Dam cores - ^ 

Dam design and construction is very much an art requiring 
consideratfle practical experience. ^ 



c. 




Subgrades 
1. 



Definition (^ v ^ 

a. Soil subgrades are sotl deposits designed and constructed 
'primarily to-supp6rt pavemen^ts 

2. General design procec^r^ for pavement thickness 

a. Determine the magnitude and frequency of the loads to 
' be placed on the pavement - 

b. Evaluate the char^ctertstlcs of the subgrdde at the site 
(eki sting or to be constructed) 

c. Establish the characteristics of the pavement and Its base 
and subbase ' - 

d. SeUct j^Vemmt/, base, and subbasQ thickness 
> i. Note t^^t the charac^r1%t1cs of the subgrade Influence 

thickness of the con^Kments of the complete<l pavement 
y 'f. frost action 1^ af» Important factor in pavement design - 
g. Design charts . ^ \j 




3. 



' EvAlOottng the subgrade 
aT StHbllqmeter test 
b^ Sand equivalent test 



) 



«7 



\ 



t 



c. CBR test 

d. Plate load test 

e. Vibratory testing 

4. Aspects of subgrade construction 
' a. Supervision and Inspection 

b. Excavation 

c. Fill placement 

d. Soil modification 

D. Course Review 

E; Course Sunmary ^ 




CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POfC iA 
CIVIL Ef^ililEERING DEPARTMENT 
ETC 411 - FOUNDATIONS AND SOIL MECnl^fhCS 
Tentative Laborator^y Schedule 
Instructor: J. B. T)1eai^son 

Text: Lambe, T.' Will jam. Soil Testing for Engineers , 
John Wiley and Sons, Inc., New York, 1951. 
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Spring Quarter, 1975 



WEEK 


DATE 


TOPIC 






READING ^ 


laborAtoryworts 


1 




**> 

Introduction 
Atterberg Limits and 
Indices 


1-14,. 22-28 


Report #1 

U= . 


2 . 




Grain Size Analysis 


29-42 *' 


Report #2 ^ 


3 




— " .. Im- 
permeability Test 


52-62 


— 

Report #3 


4 ' 




Compaction Test 


43-51 


Report #4 


5 




* 

Field Density Tests 


Handout 


Report #5 




6 




Field I||j|^estigation 


Handout 


Report #6 


7 




Consolidation Tes^ 


74-8> 


Report #7 


8 




Direct Shear Test 


88-9^, W-146 


Report #8 


9 




• lJrK:oiif ined Compression 
Test 


110-121 

— ^ 


Report #9 

•r 


10* 




Denwnstration of Rela-^ 
tive Density Test and, 
. Earthquake Siimjlation 
Testing, Sumnary 


/ 


— ( 

* 9 



Course Grading: 



Laboratory ' 30% 

Home*«)rk » 20% 

Hour^am 20i 

Final Exam 30% 

Total * 100% 



H.) 



m 
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CALIFORNIA STATE POLYTECHNIC UNIVERSITY. POMONA 

CIVIL ENGINEERING DEPARTMENT ' • 

* 

I Course: nc AU ' . Outline of Weekly Laboratory Notes Prepared by: 

Week No: V J.B. Thompson 

Date: 11/5/73 \ 
Laboratory Tepits: Introduction - Atterberg Limits and Indices 
Asslgrwient: Reading - 1-14. 22-28 . . < 

Report Due - Laboratory Ret)ort »1 

Presentation 
I. Check Roll 

H.. Discuss Course Laboratory Schedule ' . ^ 

A. Text ' 

B. Grade' evaluation 

1; Course grading: 
Laboratory* - 30% 

Homework - 20% . • ^ 

Hour Exam" - 20% 
Final Exam - 30% 



Total 100%* 



I 



2. Laboratory report policy: 

a^ Approximately one l-aboratory report per week 
b. Each ^fcboratory report normally due one week after 
taboratbry exercise is conducted 
' ti c. ^te reports will receive 1/2 credit 

a. No laboratory reports will be accej)ted after returning 
the corrected reports , 

X. Laboratory exercises to be conducted' * 

11, Laboratory Orientation \ 1^ ?y 

^ A., What is a sd\l? 

1. Illustrate r\ 

■ 2. ,Soil description and classification' ' 

• B. Why is .soil tested? • • . . 



C. Field testing 

D. Laboratory testing ' ^ 

E. What tesls are required in practical problems? ^ 

F. WKy does this course have laboratory sessions? 

6. What knowledge -should be gained in these laboratory sessions? 
Organize Laboratory Groups ^ 

Atterberg Limits and Indices 

f 

A. Laboratory handout (see attached) » 

B. Soil to be tested 

C. Test utilization 
0. Basic principles 

E. Laboratory procedures 



•4 ' 




« 
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CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA 
CIVIL EN&INEERING DEPART^CNT ' 
:TC 411 




Lab No. 1 " Atterberg Limits and Indices 



Purpose and Scope: 
"Atterberg Li mi 
carr be determined. 



pe: Th^urpc 
ts" of^soVL ay 



purpose of 
and the 



this laboratory is to examine the 
techniques by which these characteristlts 



- There ^ire three Atterberg Limits for a given soil: 1) Liquid limit, 
2) Plastic Limit, and 3) Shrinkage Limit. All three 11 mtts ^re rather 
arbitrary values derived from pureTy empirical testing procedures developed 
by Atterberg. In spite of this, the limits have found considerable 
acceptance and are quite useful in seVeriil soil engineering problems. 
From the determination of the liquid and plastic limit, another character- 
istic ofil particular soil can%e evaluated, the Plasticity Index. The 
Plasticity ^^ex defined mathematically as: - 

PK« LL -^L 

where pi = Plasticity Index 
LL = Liquid Limit 

PL » Plastic Limit ^ v 

A soil exhibiting a high PI "has a large affinity for water (e.g., clay 
minerals), if the existing water content of the soil .Is known, its 
^L1qu1d1ty Index (Lamije^ Water Plasticity Ratio, B) 1s given by: 

^ ' . T w - PL - . 

LI » — PI"— 

where LI = Liquidity Index 

w = existing water content 



It is evident that ap insitu soil having a low LI will behave as a soil 
with a water, content on the low end of the range. This generally means 
that the soil will be stronger and less compressible. Two other indices 
of less practical significance that result from the Atterberg Llmits'and 
In<flces Test are the Flow Index and the Toughness Index of the soil. 

To reiterate, the results of the Atterberg Limits and. Indices Test are 
only empirical and the procedures,* I am sure, w.ill Seem arbitrary. Never- 
theless, they are used today in lieu of^mace-a^irate, straight forward, 
and economical tests which vnay be developed In tpe future. 

The primary use of the Atterberg Limits and Indices lies in the classifi- 
cation of soil." In particular, the Limits and Indices are used to cjassify 
fine grained soils such as silts, clays, and organic soils. The mos't 
popular classification system \\ use today is the Unified Soil Classification 

are classified based on the ^ - 



System. "In this system, fine-gtalned soils 



ERIC 



) 



fl2 
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A-llne plotted on a Plasticity Index (PI) ve»"sus Liquid Limit (LL) graph 
developed by Cassagrande. Basically, Cassagrande found that this was a 
convenient, consistent way of making these desired classifications. Many 
other uses have been found for the Atterberg Limits and Indices as applied 
to soil engineering design. , It has been found that the compressibility 
of fine-grained, saturated soil deposits can be related to the LL of the 
deposit. "Off-the-road" trafficabillty in wet, fine-grained soils has 
be«n related to the deposit's Atterberg Limits and Indices. 'Finally, 
knowledge of the liquid limit, plastic limit, plasticity Index, and 
11qu1d1t;y index can provide cdnsiderable assistance to an experienced 
engineer In developing "a feel" for the possible behavior of a flne- 
grafned soil fleposit. For exan^le, a soil with a liquidity Index above 
100 suggests the soil my be highly "sensitive." This means that if the 
soil is disturbed, it will. suffer a loss in strength". Some clays such as 
Leda clay of Canada, Mexico City clay, etc., may lose as much as 75% of 
their strength on disturbance. 

The soil sample to be analyzed will >e specified later. It wilT be 
sieved on the No. 40 sieve before supplying it to you. The Shrinkage 
Limit test will not be perforrod. 

^port Format - [Place report in a Cal Poly manila folder and complete 

cover entries.] (Minus 5 points if in^roperly done) . 



Ne. Points 



Pints 

sr ^ 1. 



Object: State in your own words^^the purpose df conducting, 
this laboratory. Be specific about the methods 
used and the soil tested. 



(5) 2. Procedure: Ispecify the procedure followed in cof^ducting 

the laboratory test. Reference to your text 
or other standard procedures is permissible. 
^ Your reference must be complete and should state 

which of the optional procedures were followed 
> if more than one procedure is included in the 

pub licatipn referenced. Also, state any devi-^ 
ationsyou made fr«n the referenced procedure.. 
Use^ standard referencing procedures. 

V (40), . 3. Data and Results: Place in the format showo on" page 28 

of your text. ^ 

(5) / 4k Sample Calculations: Perform and present a sample of 
j each type of calculation perfom»d. 

(40) "5. Discussion and Questions: Respond to th6 following - 

a. Classify your soil sample according to the Unified 
Soil ClassificatioD Systepi. You may assume that more 
than half of the material is finer than the No. 200 
^ sieve size. (Attach ef^ugh information^ to cleanly 

indicate your steps.) f) . 



No. Points 



I 




(Continued) 

b. Compare the values for the Limits and Indices 
-determined by you to those reported by others. 
Reference your sources. 

c. Could the Atterberg Limfts and Indices be used 
to differentiate between a deposit of ^ilt 
(containing no true clay minerals) and a deposit 
of clay minerals? How would you make this 
differentiation? 

d. Could the Atterberg Limits and Indices be used 
to differentiate between a deposit compose(i of 
the clay mineral' bentonite and a deposit composed 
of the clay mineral kaolinite? How would you 
make this differentiation? 

e. From your experience in this laboratory, what . 
effect does an increase in water content have 
on the behavior and characteristics of the soil 

• sanq)le tested? 

'f. What are -the primary sources of error in this 
laboratory? Which of these errors did you 
commit and what effect might they have on the 
Limits and Indices determined from your tests? 

Original Data Sheet ^ 
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Course: ETC 411 
Week No: 2 



CALIFORNIA STATE POLYTECHNIC C/NIVERSITY. POMONA 
• CIVIL ENGINEERING DEPARTMENT 

Outline of Weekly Laboratory |Notes 




Laboratory Topic; Grain Size Analysis ' 
Assignment: Reading •• 29-42 

Report Due - Laboratory Report #2 



Presentation 
• 



I. Grain Size Analysis |^ 

A. Laboratory handout (see attached) 

B. Son to be tested 

C. Test Utilization 

D. Basic- principles ' >^ 

E. Laboratory procedures 



Prepared by: 
* J. B. Thompson 



Date: ■ 11/5/73 



% 
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CALIft)RNIA SMtE POLYTECHNIC UNIVERSITY. POMONA 
/CIVIL ENGINEERING DEPARTMENT. 
ETC 411 



^ ' \ i Lab No. a - Grain Size Analysis 

.' . ■ .' . ".■^ ' • 

Purpose tnd Scope: The. purpose of this laboratory is to examine the 
"Grain Size Distribution" of, soil and the techniques bj^hich this 
Characteristic can be cietermined. 

•The grain size distribdtion of a soil can be simply defined as the distri 
bution by weight of the "particle sizes" found in that soil. The definition 
of "particle size" is somewhat arbitrary as most soil particles are irregula; 
tn shape. This definitton i« usual ly^lated to the test being used to 
determlne^the graih size distribution. In making a grairf size analysis * 
using sieves, the 'kjartlcle size" can be thought 9f as being the minimum 
combination of parrlcle crossectionaj dimensions- that will allow passage of 
the particle through th.e square holes in the sieve. In making a grain 
size analysis using an Hydrometer, the "particle size" can be thought of 

-as being the diameter of an equivalent spherical particle having the same . 
particle density and the same free-farl velocity as the^true soil, particle. 
The reiults of a grain size analysis are usually presented in a plot of % 
finer by weight vs. log^Q{particle diameter in mm) as shown pn page 42 of 
your laboratory text. 

The.jrimary reason for performing a grain size analysis. on a soil is to 
6nablW Its classification". Many classification systems are used due 
primarily to the fa.ct that each system has been developed for appj.i cation 
to particular soil engineering problems (e.g., BPR classification 
system). If thtf particular classification system you intend to use is 
based only on grain size distribution (e.g., PJIT classification system), 
then a classification can be made after completing this gr^iin size analysis. 
However, the classification system most commonly used by consulting 
soil engineers and others, the Unified Soil Classification Syst«n, requires 
additional tests to be conducted on the fine grained soils before' class- 
ification can be made. These tests ar^ the^Att^rberg. Limits and Indices 
Tests performed last wedc. It should also be' noted that there are a few design 
techniques in -^o 11 engineering using the results' of a grain size analysis 
directly. Four examples are: ^) the determination of the permeability 
of soil to be used in seepage problems - CDio^ ]j 2) the design of 
filters to prevent erosion of soil by moving water;. 3) the determination 
of the height to which water will rise in soil by capillary action; and 
4) the determination of the frost susceptability of soil deposits. 

The soil sample to be analyzed will be specified at a later dale. A 
combined alternate analysis wi 1 I'be "performed* 
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tf. Report Format - [Place report in a Cal Poly manila folder and complete 

cover entries.*] (^inus 5 poiTits if improperly done.) 



No. Points 



\ 



ERIC 



(5) 1. Object: State in your own wofds the purpose of conducting 

•this laboratory. Be specific about the methods ' 
used and the soil -tested. • * 



(5) 2. Procedure: Specify the procedure followed in conclucting 
, . ' the laboratory test* . Reference to you^;* text 

or other standard. procedures is permissible. 
Use standard referencing procedures. Your r'ef- 
erence'must be canplete and should state 
• - which of the optional procedures were followed 
if more than one procedure is included .in the^ 
publication referenced. Also, state' any deviations 
you made fnwn the referenced procedure. 
. . ,' ■ ' ^ 

(40) 3. Data and Results: Place in the format shown on pages 

40, 41, and 42 of 'your text. 
' • " . " ' ■ 

t- * 'Note: A computer program is available for data reduction^. ■ 
If you desire to use it, please ask the instructor*. 




(5) ^. Sanple Calculationv Perform and present a sample of 

each type of calculation perfortned. 

(40) • 5. 'Discussion arfd. Questions: Respond to the following - 

a. Classify your ^oil according to the MIT Classification, 
System. 

b. What is the average grain si?e of your soil? 
• ' c. What is the effective diameter of your soil? 

d. What is the coefficient of uniformity of your soil? . ^ / 

e. O'l ass ffy yqur soil according to the Unified* Soil 
Classification System.* Be as explicit aS you can - 

I . with the informition available. 

f. What are the primary sources of error in this 
laboratory? Which of these errors did you commit 

' ^ an< what effedt might they have on the distribution 
curve resulting from your analysis? 

g. the Hydrometer analysis* has a lower boundary pn particle 
size below which the test is inaccurate.' What is it? • 

- . ^ Why is 'this so? . ' 

y . (5) 6. 'Original Data Sheet.' 



0 7 



^CALIFORNIA STATE -POLYTECHNIC UNIVERSITY. POMONA 
' CIVIL engineering' DEPARTMENT 
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Course: ETC 411 
Week' No^ 3 



Laboratory Topic: P^nneabilitv Test 
Assignment; Readin9 - 52-62 

Report Due - Laboratory Report #3 

Presentation 
Permeability Test * / 

A. Laboratory handout (see attached) 

B. Soil to be tested 

C. Test uti1izat;fon 

D. Basic pfi"inc1ples 

./ 

E. Laboratory procedures 



Prepared by: 
- J.* B. Thompson 

Daie: 11/5/73 



V 
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CALIFORNIA Sf^TE POtYTfCHl^IC UNIVERSITY'. POMONA * <• 

CIVIL ENGINEERJI^DEPARmNT' 

ETC 411 ' . . ' 

Lab No. 3 - Permeability Test • 



A. Purpose and Scope: The purposiB of this laboratory is-^ examine the - ' 

"permeability'* of soil and the techniques by which tfiis characteristic 
can be determined. » - . 

The pctrmeabi 1 1 ty of soil is' usually taken to mean the conductivity of the 
soil to the flow of pure water through it. Trie term could also be taken to • 
mean the conductivity of the soil to the flow of other fluids, sudk as air, 
methane,' salt water* and oil througK it. ,For each pf these different fluids, 
the value of the soil "permeability" would be diffeVent. 

Ma thenati dally, the permeability of soil is defined in Darcy's Law: 

V = ki" or Q klA » ^ , 

where: v » velocity of flow through soil (cm/sec.) 

Q = volumetric flow, rate through soil (anVsec.) 

k = soil permeability (cm/ sec ») • 

1 = AhAi 

Ah = head loss in Afi. (same units as Ai ) 
Ai = dlff^ential length (same units as Ah)- ,2. 
• A = cross sectional area normal to -direction of flow (cm ) ^ 

These equations state that a driving force, the h'ydraul ic gjrad1.ent (i>, causes 
fluid to flow through the soil at some rate (v or Q) in proportion to the soil . 
permeability (k). In other jwords the same driving force will produce 
, different flow rates in different soils an<* the flow rate produced will defpend 

on the permeabinty of the soil. • , . 

the permeability of a given soil will depend on many factors including the ) 
' njture of the fluid flowing through It, the size of the soil grains, the void ^ 
ratio of thi soil, the degree of saturation, etc. The influence of these 
factors is. discussed in detail in your laboratory text. I do wish to point out 
though that soil permeaWlity is highly variable. For example, the permeability 
of gravel can approach 1 cm/ sec. ,' whereas the penneability of clay can be as low 
as 10-" cm/sec. Generally the permeability of gravel >,sartd > silt > clay > rock. 

' Soil penneability finds many uses in practical soils engineerlA. In the field ^ 
of soil mechanics and foundation engineering, the permeability iff the soil is 
directly or Indirectly involved in almost all designs if water is present 
near the surface of the natural deposit. Obvious applications involve tlie design 
0f earth and rock fill dams, the stability of slopes, design of retalning^walls. 
• ' etc. Soil permeability is also used in the fj elds of highway design (drainage 
problems), and .water supply (well problems). ^ • 

The soil sample to^be analyzed is, a graded Ottawa sand with the ASTM Designation 
C-109. This sand was obtained from Ottawa, Illinois, and it ha§ b^en processed 
The sand has rounded particles. Constant head and falling head permeability 
o . tests will be performed. . 

ERIC ^ « n.9 



Report Format - [Place report in a Cal Poly manila folder and complete cover 

entries.] (Minus 5 points if improperly done). 



No. Points 



5.- 1. Object: State in your own words the purpose of conducting this. 

laboratory. ^ specific about the methods used and tbe ' 
soil tested. * • 

5 2. Procedure: Specify thrf procedure followed In conducting the 

* . laboratory test. • Reference to your text or other ' 

standard procedures is permissible. Use standard 
referencing pr6cedures. Your reference must be 
complete and should state which of the optional 
^ procedures were followed If mrp than one procedure 
), ^ is. included in the publication referenced.. Also, 

st^te 'any deviations ^ou made from the referenced 
procedure. - . ^- ' , . • 

40 3. Data .-and Results: Place in forrtiat shown on data sheets *provid^<>. 

.5 4. Sample Calculations: Perform and present a sample of each 

type of calculation performed. 

40 5. Discussion and Questions: Respond to the following - 

■ a. Compare your measured permeabilities to values reported^ 
' by others. Properly reference the other values you are 
' using fof comparison."* 

■ ' ■ • - • 

b. What functional r^ationship between permeability and 
void ratio best describes -the soil you tested? 

c. What are the primary sources of error in this laboratory? «t 
Which of these errors did you commit and what effect 

might they have on the permeability values determihed?" 

f 

d. Could the set up and test procedures used be applied?to 
the determination of the permeability of clay? What 
difficulties might be encountered? 

e: What effect would doubling the. head loss have had on the 
volumetric rate of flows (Q's) measured in your experi- 
/flients? On the flow velocities, v's? 

f. , What effect would a change^ in airt)ient temperature to, 
; 30°C have had on the volumetric rate of flows, (Q'sf 

measured in your experiments? On the flow velocities, 
v's? 

g. What effect would doubling the permeater diameter have 

had on the volumetric rate of flows (Q's) measured in 

your experiments? On the flow velofcities, v's? 

t 

.' 5 6. Original Data- Sheefts 

ER?C . /,-/0 



Course: ETC 411 
Week No. , 4 



CALIFOR^tA STATE POLYTECHNIC UNIVERSITY, POMONA 
* CIVIL ENGINEERING DEPARTMENT 

. Outline of Weekly Laboratory Notes 



Laboratory Topic: Compaction Test » 
Assignment: Readlr^q - 4^51 

Report Due - Laboratoi'*y Report f4 

Presentation ' ■ ^ . . ' 

" " m 

m m 

- * ^ " • • 

I. Compaction Test ^ 

A. Laboratory handout (see attached) 

B. , Soil to be tested - ' 
. *C.- Yest utilization 

D. Basic principles . - * * 

' 4. • ' 

E. Laboratory procedures 



Prepared by: 
J. B. Thompson 

Date: 11/5/73 

>r — 
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CALIFORNIA STATE POtYTECHNIC UNIVERSITY, POMONA .* 

' • \ 
CIVIL ENGINEERING DEPARTMENT 

/ . ETC '411 ' 

Lab No. 4.- Con^action Test . 

• • • * 

Purpose and Scope: The purpose ^of this laboratorj^' is to examine the response 
of soil to a "compactive effort", and the techniq^^es by which this response can 
be detemilned. • ' 

The ccMnpactlon of a soil is defined as the densificat^ion of the. soil by' 
decreasing the volume of air within that soil. On the other hand, donsioji- 
d"ation of a soil is defined as the densificatioft of the soil by decreasing^ 
the voluine of water withirr that soil. Compaction of soil, therefore, does 
not change the volume of water within the soil. 

♦ 

Compaction of soil usually results in, an incffedse in soil stiffness and strength. 
This increase- in soil stiffness and strength is of course due' to the densification 
of the soil. It is known that for a given compaction eneirgy per unit volume 
of soil that the amount of soil densification Vill depend primarily on the wattf . 
content at which the soil is compacted. Because of this, the standard technique 
used for presenting the results of a donipaction test is a plot of the dry unit 
weight of the soil (y.) versus compaction water content at a given conpagtion^ 
energy per unit volume. The dry unit weight of coiJrse irdicates the density of 
the soil solids matrtx., ^ . • 

The primary use of the compaction test lies in the constnrction.of'e/igineered fills 
These fills are frequently placed in. the construction of developments, highways, 
buildings, dams, and in construction on any S'ite at which the natural soil deposft 
is* too compressible or weak to support the design loads and this method of soil 
improvement is chosen as the solution to the problem. ' Specifically,, the compaction 
test is performed to provide: 1) a -basis for the control of the construction of 
engineered fills, and 2) laboratory specimens of the fill to be 
constructed on which other laboratory testing can be perfohned. Frequently, the 
critical specification s contractor must meet in the construction of an engineered 
fill is that his' fill must have. a specified dry unit weight at a specified moisture 
content. The specified dry unit weight and the coVrespondong water content are' 
determined from, the laboratory compaction test using the same compaction energy per 
unit volume as the contractor is Vikely to use, and additional laboratory tests- 
run on this compacted soil. These additional tests might include: ,1) Specific 
Gravity Test, 2) Grain Size Analysis,' 3) Atterberg Limits and Indices Test, 
4) Permeability Test, 5) Direct Shear Te?t, 6) Tri axial' Compress ton Test, 
7) CBR Test, 8) $tabiloii«ter Test (R value) and/or '9) Swell Test.. 

The soil to be tested in this "laboratory will be the same one that was tested in 
the "Grain Size Analysis" laboratory. A' Standard Proctor test will be performed. 

Other standard compaction tests will be demonstrated. * * 
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a. Report Format ^ [Place report in a Cal Poly manila*. folder and complete, cover 
f-- entries.] (Minus '5 points i^ improperly done. ) 



No. Points ^ *^ 



) ' . t • . • 

5 (5) J'.. Object: State in your words the purpose of 

^ ' conducting^, this laboratory. Be specific about 

the methods used and the soi'l tested. _ » 

• ^. ^ (5) ' 24'«-Procedure: Specify the procedur*e followed in 

' -'^ conducting the laboratory, test. Reference 

. to your text or .other standard procedure's is 

'A , ' ' pierniissible. , Use standat-d referencing pro- 

". cedures. Your references must be complete >4 
and should -state which of the optional procedures " 
were followed if more than one procedure is 
inoJiJded in the publication referenced. Also, 
. state any deviations you made from the referenced « . • . 

^ * procedure. * • 

4 • ' - 

(40) 3. Data and Results: Place in the format shown on pages 50 

and 51 of your' tex-t. • 

• ■ • . ' ' ^ V ■ " ' 

(5) 4. Sample Calculations: f^erfMwn and present a sample of ^ • r- 

each type of M^POTlation performed. 

(40) 5. Discussjon and Questions: -Respond to the following - 

^ a. What are the optimum water content and max#um dry density 

from your test? * \ • ^ 

^' ■ , 

b. What are the primar^ sources of error in this laboratory. 
^ Which of these errors' did you commit and what effect , f 

might they have ort the dry density versus- w|ter content 
' " resuming from your Jiests? 




c. Qual'itatively, what effect would the use of a heavier 
hammer* have on the location of the dry density versus 
water content plot? A lighter hammer? • 



d. Qualitatively, what effect would the use of thinner 
lift heights have on the location of thf dry density 
versus water content plot? Thicker lift height:s? ^ ( 

* • 

^ e. Qualitatively, what effect would the use of fewer blows/ 
. . "^ift have on the location 6f the dry density versus watbr 

^ ' content plot? More blows/lift? 

' ' ' f,- Qualitatively, what shape might you expect for a dry ^ 

density versus water content plot resulting from a 
compacti-on test run on clean gravel, 

\ g. What is the most efficient way of compacting, clay, sand? 

' [Choose be^weeri static and vibratory methods]. 

ErJc ^' "^^^ ^^^^^ ' 7';^ ^ 
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' CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POHOKA 
Crni ENGINEERING DEPARTMENT 

Outline of Weekly Laboratory Notes 



Course: ETC 411 
Week No: 5 



\ Laboratory Tfi^fc: Field Density Tests - * 

Assignment: Reading - Han4ou.t 
-• . . • 

Report Due - Laboratory Report #5 

Presentatioii * *. ' 

I. . Field Density Tests 

A: Laboratory handout (see attached) 
^ B.' Soil deposit to be tested 

C« Utilization of tests • 

0. Basic principles 



y 



Prepared by: 
J.B. Thompson 

.Date: 11/5/73 



E. Field procedures ' *" 



Ui4 
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CALIFORNIA STATE POLYTECHNIC UNIVERSITY. POm^ 
CIVIL ENGINEERING DEPARTMENT 
ETC^ 411 



Lab No. 5 - Field Densi-ty Tests 

Purpose ^and Scope: Tfje purpose of , this ^laboratory is tjki/exanilne the 
techniques by which the field density of surficial soi 7 deposits such 
as engineered fills may be , determined.' ^* . . 

The field density of engineered fills must* be determined in order to 
decide, if tbe fill is being' compacted according to th|B specif ications.^ , 
The desired fiefd^ density is determined by perfowning laboratory compaction 
tes'ts on the soil to be u»ed as the fill. A typical • laboratory compaction 
test, the Standard P.roctor Compaction Test, was perfomed by you last week'. 
From su.ch a test, an optimum water content and a- corresponding maximum dry 
-density, can be obtained. Tlie desired field density is usually expressed 
as some percent of this maxirmjm dry dehsity. 

To decide if this desired field density is being obtained during the * 
construction of the fill, field density tests are conducted. Several 
such tests are: (1) Sand Cone Method, (2)* Rubber Balloon Method, ' 
(3) Block Samples, and (4) Nuclear Density Moisture Meter-Method. The 
first three methods generally invoTve: (1) removing a volun« of soil 
of known weight from the fill in the field, (2) determining the water * 
content of the soil removed, (3) measuring the volume of the -soil removed -* 
(it is in this step that the differences in the three testing techni«|ues 
occui^), (4) computing the field dry density (y. = W/V^ ^ The last test' 

- * . V° TO/ 

.technique mentioned above, the Nuclear Density Moisture Meter Method, is based 
a different principle which has to do with thd^back scattering of nuclear parti 
transmitted by the device. 

Field depsity tests will be perfomed in this laboratory using* the Sand 
Cone Method, the Rubber Balloon Method, and the Nuclear Moisture Density' ' 
Meter Method. ' "... 

Report format - [Place report in a Cal Poly manila fdlder and conplete 

cover entries.] (Minus 5* points if improperly done). 



on 



No. Points 



(5) 



1. Object: 



f - - 

State in your own words the purpose of conducting 
this laboratory. 'Be specific about the methods- 
used^and the soil deposit tested. 



(5) 



•Proceduce: Specify the procedure' followed in conducting 
^ the laboratory test. Reference to your text or 
.other standard procedures is permissible. Your 
-reference must be^omplete and should state which' 
of thetiptional procedures were followed if mor^ 
than one procedure ,is included in the publicatibn 
referenced.. Also, state any deviations you made from 



the referenced procedure. Use standard refer" 
encing> procedures. 

Data and Results: Place in the format shown on 
. the data sheets provided. ' ,^ 

Sample Calculations: Perform and present a'sample 
, ■ of each type of.calculation^rfonned.^ 

Discussion and Questions: Respond to fhe foUowirf^ 

a. ', What are the primary SLOurces of error in this 

laboratory? Which of these errors did you cawnit, 
and what effect^jfiight th^ have on your-results? 

b. Compare the results obtained* by the three different 
- methods Dsed. _ 

'•c. Conipare the accuracy ^of the three different 

methods used. ^ 

d. If ^ the required maximum dry density of the fill 
tested was 100 pcf, was the fill specification met 
during construction? ' \ 

Original Data Sheets 




V<6 ' - 
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CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA 
CIVIL ENGINEERING DEPARTf€NT - 
Course: ' ETC 411 Outline of Weekly Laboratory Notes 

Week No: 6 ■ 

Laboratory Topic: Field Investigation 
Assignment: Reading - Handout 



Report Due - Laboratory Report #6 



^ Presentation 



I. Field Investigation: 

A. Laboratory handout (see attached) 

« 

B. Site of investigation 

C. Purposes of fiel^ investigations 

i ' 
' D. Basic techniques for performing field investigations 

E. laboratory procedure 



Prepared by: 
J. B. Thompson . 

Date: 11/5/73 



o 
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•'CALIFORNIA STATE POLYTECmiC UNIVERSITY. POMONA 
CIVIL ENGINEERING DEPARTMENT 
. * . ETC, 411 . • 

Lab No. 6 - Field Investigation * | 

•Purpose and Scopei The purpose of this laboratory , is to gain experience ^ 
with 'the techniques and procedures used in conducting a field investigation, 
of a deposit of soil. In addition, soil specimens will be obtained for 
testing in later laboratory sessions. ' - . ' 

, ■ ' . * ' - •■ , : ■' 

A variety, of information iVusually obtained in a'general field investigation 
.'ranging from observations <vi the" overall tof)o^>i»phic conditions at the site 
vto securing speciftc samples of the soil existing at the site. General 
descriptions of, the Site are a usefal toc^T.^in interprs^ting the results 
of. l^iboratory tests. conducted on the soil samples and .in anticipating 
possible problems which may exist at the site and are indlc^ited by their ' 
surface features (e.g. ,- sink holes, weep holes, high wa«er marks ,^ etc. ) . 
Tfle primary function of most field investigations, however, Js to obtain 
sampljfes of the soil at the site to be tested in the laboratory. These 
labpratory. tests are conducted to classify the soil and to obtain the 
necessary design valiiesl Soil deposits are also tested in situ (e.g., 
standard penetration test, plate Ic^d test, permeability, test, etc.) when 
the cpn^iitions of the deposit or the nature of the job require such tests. 

One bori.ng will be made In thi? class. Both split spoon and Shelby tube . . 
(thin wall) soil samples will be taken. The elevation of ^the water table' 
will also be recorded. ' : " . '^ s * 

Report Format - [Place report in a Cal Poly manila folder and complete 

cover entries/.]' (Minus 5 points if improperly done.)^ 



No. Points 



(5) ]. Boring Location ^ Show the locatioh of the boring on 
^ tfte maps suppHeB. ' * 

(30) 2. Boring Log - Compile a boring log for the boring 
performed. Indiude: - 

a. A heading (include the technique uSed to make 
the boring and the location of the boring) , 

' ' b. Ground surface elevation at the boring 

c. Depth to th*e boundaries between t^^^B'soil layers' 

d. Field cla?isif ication of each soil layer » 
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(10) 



e*. Depth at iJhich sojf sainp.les.,were taken aji*d ' . 
•jnfethod ujsed 

\f.. \ Standard penetratibn test >reiul t-$ \ ; • 

(elevation takten and vallies) * .. * 

•' ' ' • ' .*" ' _ . ' 

g. . Depth at .which moist soil was first * 

encountered ' . • • 

h. Depth to the ground water tatxle 

f i. Depth and elevation at the bottom of i;he 
boring 

3. Slate any general observations concerning the area , 
in which the bonng was made which might be of importanccf 
to a civil project. " . 



} 



\ 
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CALIf6RNl/\ ST/lffE POLYTECHNIC UI^IVERSITY, POMONA 
. CIVI^ EN6I1||^ING DEPARTMENT 



' Caurse: ETC 41 T \ Out 11 He of Weekly Laboratory Notes ' * Prepared by: 



Week No: 



Laboratory Topic: Consolidation Test 
Assignment: Reading - 74-87 <^ 

^ Report Due - Laboratory Report #7 

Presentation 

I.. Consolidation Test . ' . i ■ 

A. Laboratory handout (see attached) 

B. Soil to be tested ' ^ 

C. Test utilization 

D. Basic principles ♦ 

E. Laboratory procedures 
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J. B. Thon^son 
Date: 11/5/73 



CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMON/^ 

' \ 'civil ENGINEERING- DEPARTHENT 

.ETC 411 ' ' 

■ . • .-»•'. ' . ' , ' 

Lab'No. 7 - Consolidation Test 



Purpose and Scope: Th6 purpose of this laboratory ' is to exomine ^ 
"soil consolidation" and-the techniques by which this r^. pons e, - ' 
of wet soil to loading may be determined. 

Soil consolidation is a res^ionse of soil t& loading a/id nefe*''»^,t<l4s^^*^. 
the densification ^f wet soil b y the app4i6cf "haAd < Jhi^ deifSif f- ■ 
cation is due entirelyJbo Lfli' iji^lsion of pbre water from, the Yoil • 
by the applied Toad, soi 1/ qpmpacltidh, on tipe other hand, refers 
to soil den^if ication^ due to the expulsion of pore air; 
• • ■ ■ . 

As a result of the expulsion of por« water, the void ration of the 
soil IS decreased and the dimensions (thickness, height, width, 
etc.) are decreased. Consolidation results in a decrease- in Che volume 
of the .overall^*] 1 body. Th-ts expulsion of water from the'soil ^ 
voids can tj|j^fc:onsiderable amount of time., particularly in low* per- 
meability d^^Kconsolidation problem^, therefore, involve calculation: 
pertain iftgV^HI the total amount of consolidation which wiU ever 
occur ari,d to^^P amount whi.ch-will occur in a specified time.'' 

The consolidation test to be performed in this. laboratory is one of , 
the simpler varieties. In this test, lateral displacement of the 
so'll Is prevented and incremental loads, are applied vertically.^ The 
displacement of the soil surface is measured as a function of time to 
determine the rate at which consolidation is- occurring and the tota| 
amount of consoliflation*wh1ch occurs ultimately. Other types of — 
special- consol idatlorr tests involving different soil boundary conditions 
and different sequences x)f applied loads are also used. However, ^ests 
of the type to be pet-formed in thvs laboratory are most I'retfiiently a 
encountered. , • . . 

' • . ■ * • 

The primary practical application of the consolidation test lies 
in settlement calcCilations for structures placed on wet soil. 
The settlement of a structure is, of course, an important design 
criterion. Certain^ intermediate steps are required before the finaT 
Settlement calculations can be performed but it Ms essentially assumed 
that a structure placed on wet soil settles as a resi^lt of the 
consolidation (densif ication by expulsion of pore water) of that soil.. 
This assumption proves to be quite accurate. 

The soil to be tested in^th'is laboratory will be the soil obtai.ned 
during Lab 6 - "Field Investigation." , 



[Place report ih a Cal Po-ly mam* la folder and cofliplete 
cov^ entries.] (Minus 5 points-if in^roperly done. ) 



1. Object? State in vour own words the purpose of 

■A conducting this laboratory. Be* specific' 

• about the n^thods used and the soil tested. 

2. Prdceduite;, Specify the 'procedure followed in ' 

conducting the labpratory-test. Reference 
to" your text or other standard procedures 
'is permissible. Use standard referencing 
' procedures. Your references must be 
caiplet^ and should state which of the 
optional procedures were follo^ited if 
more than one procedure is included in- 
the publication referenced.. Also, jtate 
any deviations you made fr«n the referenced 
I ^ procedure. * * 

3. Data and Results: Place in the* format shown 

on pages 85,^, and 87 of your text. 

4. San^le Calculations: Perfbrm.and present a 

• s^le of each type of calculation 

* performed, 

5. Discussion and Questions:. ,Rfsw»nd to the fo^owi/ig ■ 

-a. Calculate the Compressfon Index, C^, of your 
soil. Xompare your value to those reported 
by others. Property reference. 

b. Compare -your values for the Coefficient of 
Consolidation, Cy, of your soil to those re- 

• ,ported by others. Pr*operly reference. 

c. 'Determine the precopsoli^ation pressure for* 
«. your 'soil. Make an estimate as to whether 

' - this soil is underconsoli dated, normally 
* consolidated, or overconsoli dated. 

d. What are the primary sources of error in this 
laboratory? Which of these errors did you 

^ conn? it and what effect might they have on your 
results? ^ 

e. Why is a specimen diameter to thickness ratio 

of about three to four used in the consolidation 
test? 



'12 



Discuss ton and Questions: (continued) 
" ■ . 

f. What would. {)e the relative times to reach, 

' 100% consoTidatton for sand specjaien amd 
. ai'Qlay specimen having the, same dimensions 
under the same increment df load? Why? 

g. Did you* perform a "fixed-Hng" or "floajting- 
ring" test?* What are advantages and disad- 
vantages of the test type you performed? 

h. Specify a' practical field problem exactly 
sijnulated by the consolidation test performed 
in this laboratory. 

Original Data Sheet 



/ 
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CALIFORNIA' STATE PQiYTECHNIC UNIVERSITY, POMONA 
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Course: . ETC 411 
Week No: 8 " 



Quti 1f}e- of Weekly Laboratory Notes 



Labo\^atory' Topic: Direct Shear Test 
N\ssignment: Reading - 88-97, 138-146 



Repo rt Due - Laboratory.'Report ^8 



Presentation 

I. Dir4ct Shear Test 



A. Laboratory handout (see attached) 

B. Soil to bite tested 

C. Test utilization ' 

D. Baste principles 

E- Labora'tory procedures 



^* ^ P repa r^d by :• •* ' 
. " ' ' J. B. thompson 

' Date:, 11/5/73 
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CALIFORNIA STATE POLYTECHNIC UNIVERSITY. P0T40NA 



/ 



ERIC 



CIVIL ENGINEERING DEPARTMENT 

t 

. • ETC'4U 
Lc^ T^o. 8 - Direct Sheaii Te st * / 



1 



Purpose and Scope: -The purpose of this laboratory is to investigate .the . " 
strength arid stress-strai n , characteristics of soil 'and the Direct 
Sh^ar Test technique by. thich these^ characteristics may be cletermined. 
This labdratory will be limi'ted to testing cohesionless soil. 

The strength of soil has been foun'd to be a function ;0f the soil - 
cohesion, c, the soil angle of Internal friction, (|),''and the magnitM^^e^ f 
of the normal stress acting on the failure plane, a^. Jathematicany, 
spi 1 -strength is defined by the Mohr-Coulofrt) faijure cnterionf r 

T = c + 0p tan (|> = shear stress on the failure plane 

For cohesionless soil, the cohesion, c, is generally taken to be equal 

to zero*which is accurate as long^as the tan <j> term is significant. ^ ^ 

the equation reduces to: ^ C 

T = Op tan (|) 

Ideally, o- should be taken as an ef?^tive stress and ^ would then be 
the effective stress' angle of internal ifr'iction (<{)'). Normally, however, 
such care^is not taken and is takeyas a total stress and ^ as the 
total stress angle of internal frict^n. As a result, difficulties in 
duplicating field condi tions...«<m-4«^ to inaccurate valuer of ^ for use 
in design*. . • 

The stress-strajri characteristics desired for soil are the same as those 
4rdesired for* other materials. A crucial characteristic to notice is .^whether 
the soil is compressed or whether the sofT dilates during shear. This 
information is used to provide general information^about ttie expected 
behavior of the soiL , 

Soil strength and stress-strain information is needed in any practical 
problem involving the loading of soils. Soire examples include foqndation 
design, highway subgrades, stability of natural and man-made slopes, and 
others; In particular, t^e strength characteristics are used in failure 
analyses and the stress-strain characteristics are used in solving deforma- 
tion problems. ' S 

Jhe ^aded Ottawa sand will be tested in this laboratory. 



B. Report Format - [Place report in a Cal J'oly manila folder ar\d complete 

cover entries.] (Minus S points if improperly done.) 



/ 



/ 

I 



1 ^10 



Nq. Points 



(5) . 1. Object: .State in your own words the purpose Of 

conducting this laboratory. Be specific 
about the metheds used and the soil tested. 
J 

(5)' 2. Procedure: Specify the pr9cedl4^e follow^ in' ■> 

f . * conducting the: laboratory test. Reference 

't* your tekt or other standard proceed ures > . - 
is permissible. Your references must be " . - 
complete and should ^tatcj^hich of the I 
optional procedures were' followed if more 
than one procedure is included in the r 
^ publication referenced. Also, state any 

deviations "your madTe from the referenced 
. procedure. Use standard referencing ' 

procedures. *\ 

\j ^(40) .3'. Data and Results: For each test performed, place 

— ^ data and results in the format shown on 

, pages' 96 and 97 of your text. Summarize , ' 

the results of your laboratory section by- 
plotting a figure similar to Figure X - II 
of your text and by lifting the peak and 
ultimate values as shown on page 95. 
^- • , - . ' ■ • . . 

(5) 4. Sample Calculations: Perform and present a san^le 

of each type of ca'lculation performed. 

(4Q) 5. piscussion and Questions: Respond to the following - 

a. Compare your values of peak friction angle, <L^, 
and ultimate frictiori angle.," to those reported 

• by others. Properly reference 

b. What^re the primary source!^ of -erfor in this 
laboratory? Which of thesa^errors did you commit 
and what effect might they have on your results. N 

c. The Ottawa sand is a bounded sartd. What change.s N 
in the friction angles would result if a more 
angular sand were tested. 

d. The Ottawa sand is a poorly graded (uniform) sand.* 
What changes, in" the friction angles wcfuld result 
if a more wel.l, graded s*nd were tested. 



e. 



Your lab group conducted tests at thfe sane applied 
normal stress. What effect woti\d a higher normal 
stress have had on the values of the friction 
angles, determined? A lower normal stress?* 



ERIC 
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No. Points 



7 



,(5) 
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^ f . What effect would changes In strain rates at 

which the specimens are tested have on the stress- 



strain curves and friction angles measured. 



% 6. Originar Data Sheet 

r 
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Course: ETC 411 
Weeic Not 9 



CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA 
CIVIL ENGINEERING DEfARTMENT. 

Outline of Weekly Laboratory Notes 



» 9 ' 



Laboratory Topic: ^ Unconfined Conipresslo n Test 

; ^ 

Assignment: Reading - 110-121 
• - . Report Due - Laboratory Report #9' 

f resentati'on • . " 

I. Unconfined Compression Test ' 

A. Laboratory handout (see attached) 

B. Soil to be tested. 

C. Test utilization 
0. Baste principles • 
E. Laboratory procedures 



Prepared by: 
J. 8. Thoinpson 

Oatfi^: 11/5/73 
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CALIFORNIA STATE POLYTECHNIC UNIVERSITY. POMONA 
CIVIL EN1GINEERING DEPARTMENT 
ETC .411 

^ V Lab No. 9 - Uncanfined Compress ion Test 



Pur|3pse and Scope: The pur'pose of this laboratory, is to investigate the 
strength and stress-strain characteristics of soil using the "Uncanfined 
Compression Test" •'technique. ' , 

The-Unconfined Con^ression Test is normally restricted to testing 
saturated fine grained materials (e.g;, clay). Theoretically, it can 
be shown that the resuHs from. this one tfest will be the -same as those 
from a series of Unconsolidatefl-Undrained tri axial compress Ion tests. 
Therefore, the test may be considered to be an e^ficfent method of 
evaluating soil strength and stress-strain properties. It should be 
noted that the san^le must be saturated for the above statement to 
be valid. • ^ 

If we are considering a saturated soil, it is knpwn that the undrained 
angle t)f internal friction of this soil will be zero [this test is an 
undrained test]. As a result, the strength of the sqilis deflaed as: 

T=c+Pnji^"<'"C 
This test is used to determine the soil cohpsion, c. . 

Stress-strain information generated from this test are used to solve 
various soil .mechanics and foundation engineering deflection pro|j1ems. 

The soil to be tested in this laboratory is the soil obtained from Lab 
6 - "Field Investigation." Tests will be performed only on undisturbed 
specimens. Jjfc 

Report Format -^TPlace report in^a Cal Poly manila folder and complete 
entries,] (Winus 5 points if improperTy done.) 

No. Points . . . 

(5) 1. Object: State in your own words the^purpose.of 

' . conducting this laboratory. Be specific 

about the methods used- and the soil tested. 

(5) 2. Procedure: Specify the procedure followed in 

conducting the laboratory test. Reference 
V to your text or other i-tandard procedures 

. Is permissible. Your references must be 
. cM^lete and shoum state which of the 
optional procedures were followed if more 
than one procedure is included in the 
I publication referenced. /\lso, state any 

deviations you made from the referenced 
procedure. Use standard referencing 
procedures. 1 , (i 
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r 

No. Points 



ERIC 



- \ • ■ . , • 

(40)' 3. Data and Results: Place in the format shown wi 

pages 120 and 121 o^^our text. - , 

(5) 4. Safmple" Calculations: Perform and present a sample, 

of each type of calculation' performed. "^^ 

(40) \ '^5. ' Discussion and Questions: Respond to the following - 

a. Compute thecohesion of your soil. 

b. Con^are your value for cohesion to those reported 
by others. ^Properly reference. 

c. Draw the Mohr's Circle for the failure stresses ^ 
applied^ to your specimen. - . 

d. Classify your clay according to its consistency. 

e. What effect would. a higher rate of strain havff 
had on ^he cohesion, determined for your specimen 



? 



Derive the equation for the revised or 
^ iRStantaneou;s specimen cross-sectional area 

used in your data reduction. • y 

g. What effect would specimen remolding likely 
have on the strength and stiffness of your 
specimen?' • - ' 



(5) 6. Original Data Sheet 
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' ^ CALIFORNIA STATE POLYTECHNIC ONl'VERSITY; POMONA 
CrVIL ENGINEERING DEPART^Cli[^ V_ , 



Course: ETC 411 .Outline of Weekly Laboratory ^fote^ Prepared by: 

Week No: TQ 



i J. B. Thompson 



Date: 11/5/73 ^ 



Laborator^f Topics: Relative Density Test. Earthquake 

Simulatiorv Testing, Sunwnary 

» 

Assignment: Reading - • * ^ 

Report Due: 

Presentation ' * 

I. Relative Density Test Demon stj^at ion 

A. Test utilization 

B. Basic principles ' . 

C. Laboratory procedures - • ^ 

D. Demonstration ^ 

II. Earthquake Simulation Xgsting Demonstration 

. A. /Test utilization * ' ^ 

B. Basic principles 

C. Laboratory procedures 

D. Demonstration 

III. Sunmary of Laboratory Sessions 



ERIC 



• ^pendix 

SUMMARY OF ITEMS PURCHASED UNDER NSF GRANT GY-1047.4 ; 



Laboratory Exercise^ 



Item(s) 



Quantity : ' Expenditure 



rain Size Analysis 
est . 



/ 



f 



Consolidation 
Jen 



/I. 8" 



Diametbr*. Si/eyes 
1/2" sieye 
No. 4 sieye 
No. 8*sieye 
No^ 16 sieve 
No.. 30 siev'e . 
No. 60 sieve 
No. .100 sieve 
No. 140 sieve 
No. 20Q sieve 
Pan 
Cover 



2. 



Gil son Screen Trays 

No. 4 . 

No. 8 

No. 16 
^ No. 3(r 

No. 60 . 

No. 100 

No. 200 



3. . Siaj/inq Timers 



1. Specimen Cutler 



$ 14.9b 
14.95 
13.75 
13.75 
' 13.75 
13.75 
14.25 
15.80 
19.50 
7.50 
4.70 



28.00 
36.00 
40.00 
40.00 
40.00 
40.00 
64.00 

58.00' 



$492.65 Subtotal 



36.00 



38.00 Subtotal 



Laboratory Exercise 



Item(s) 



Quantity 



Expenditure 



1 -l 3 



ERIC 



Direct Shear Test 

■ 1 

-» 

• f 


1 . .Motorize Direct 
bnear lest 

2. Shear Box Coupling 

3. Spare Gripper Asse«nbly 


f 

.i> 
1 


" — f ^ — " — 

13.50 ' ' 
• 43.50 

$ 752.00 Subtotal 


Relative Density Test 

i 

i 

1-U 


1. Relative Density Test 
Equipment 

* < 


1 

I" 

■' . • : 


$1,277*. 60 

< 

• * 

$1,277.60 Subtotal 


i 

) Permeability Test 

1 

i 

i 
1 

* 


i_ ; — : . 

1. Plastic* 

2. Wood and Bracing 

3. Valves and Fittings 
4.. Porous Ston^ 

- 5. Springs 
6. Pressure-Vacuum 
Regulators 
1 7. Pressure-Vacuum gauges 

!_ . 


Two 
experi- 
, irental 
S(||-ups 
designed & 
fabricated 


$ 162.00 
31.51 
86.60 * 
19.60 

' 3:20 

150.00 
31.20 

$ 484.11 Subtota.1 


Earthquake Simulation 
Testing' 

V 

* * 

i — : _ 


% 

i 

i 

: 1. Plastic 

2. Metal 
1 3. Valves and Fittings 
j 4. ' Seals and Sealants 
1 5. Pressure-Vacuum ^ 
Regulators 

A P v^ccHy^fi^V Anil int 

Gauges 




One 
experi- 
nwntdl 
set-iH^ 
designed & 
fabricated 


: • — — 

I $ 55.00 

t 151.02 

i 174.65 ^ 
; • 16.65 ^ 

118.00 

37.70 

$ 553.02 Subtotal 

L — 



^ Laboratory Exercise 



' Item(s) 



Quantity Expenditure 



/ 



Field Investigation , 



1. Sample Bags 

2. Sample Jars 

3. Equipment Storage 
Rack 4 

4. Blade Auger and 
Accessories 

5. Split Spoon Sampler 

6. Stationary Piston Sampler 
and Accessories 

7. Sample Retainer , 

8. Shelby Tubes 

9. Pulling Plate 
>0. Strap Wrenches 



Field Density Test 



Multipurpose 
Laboratory Equipment 



1. Sand Cone Density Test 
Equipment and Accessories 

2. Rubber B.alloon Density 
Test Equipment and 
Accessories 

3. Field' Sample Cans 



1. , Timer ^ 

2. Heavy Duty Solution 
Balance 

3. Tools 



24 
24 

1 

1 

2 

1 

2 

la 
1 

2 



2 
2 

12 



/ 



1 

one set 



i 



2.00 : 

18.00 ft 
40.00 \ 



57.00 
103.00 

281.85 
TO. 30 
56.00 
14.75 
44.00 



$ 826.90 Subtotal 



97.40 



221.00 
9.60 



$ 328.00 Subtotal 



/ 

14.00 

159.00 
206.66 



$ 379.66 Subtotal 



GRAND TOTAL = $5,131.94 
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